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ABSTRACT 


comparison has been made the fate corticosterone in- 
tact, hepatectomized, bile fistula and ureteral ligated dogs. The rate removal 
activity from plasma clearly reduced the hepatectomized animal com- 
pared all other preparations. Radioautograms plasma indicated that some 
change corticosteroné occurs soon after its injection regardless whether 
not the liver present. the dog both urine and feces are pathways 
excretion for corticosterone and its metabolites. Evidence for 
circulation this steroid and its metabolites was obtained. 


ORTICOSTERONE and hydrocortisone are the two corticoids found 

highest concentrations adrenal vein blood (1). The ratio hy- 
drocortisone corticosterone for the dog was reported (2). 
This ratio, human adrenal vein blood, has been reported one (3) 
and greater than one (1, 6). Work from this laboratory has provided 
evidence for ratio total reducing 17-hydroxy plasma steroids 2.1 
2.3 peripheral blood (7). 

The availability has aided studies the metabo- 
lism this hormone. The dog was chosen the experimental animal for 
the present study because adequate blood and tissue samples could 
obtained for analysis, and because suitable for the surgical procedures 
required. Data the rates and routes excretion, the changes 
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plasma content this compound and its metabolites and evidence for the 
metabolism corticosterone the intact, hepatectomized, ureteral ligated 
and bile fistula dogs have been obtained. 


MATERIALS AND METHODS 


Five mg. corticosterone, labeled with position C-4, was dissolved ml. 
ethanol and stored the cold. One ml. this solution contained approximately 5.0 
This material was examined chromatographic and radioautographic tech- 
niques (8, before and after these experiments were undertaken and was found give 
only one spot with the corticosterone. 

Female dogs, each weighing approximately lbs., were used these experiments. 
The bile fistula animals were prepared according the technique Rous and Master 
(10). Complete hepatectomy was performed one-stage procedure, employing porta 
caval anastomosis and introduction cannula replace that portion the vena 
‘ava within the liver (11). The dose radioactive corticosterone was 
evaporated dryness, dissolved 0.5 ml. ethanol and 4.5 ml. sterile saline solution 
and injected into the external jugular vein through plastic tube fixed the vessel. 
Serial blood samples were drawn from the external jugular femoral vein into hepari- 
nized syringes. Urine samples were collected through indwelling balloon catheter for 
hours following the time injection. Thereafter, the animal was maintained cage 
suitable for quantitative collection urine and feces. Six hours after the administration 
the dose corticosterone, the hepatectomized dogs were anesthetized and exsangui- 
nated, 

The plasma from each blood sample was extracted with methylene chloride, de- 
Chen, Voegtli and Freeman (12). This extract, henceforth referred the 
neutral fraction, was saved for chromatographic investigation. The aqueous phase was 
incubated with (13) and again extracted with methylene chloride. 

The feces were collected the unoperated dogs and extracted repeatedly (six times) 
with n-butanol until the fecal radioactivity was very low. The content the com- 
bined extract each sample feces was determined. 

Nuclear-Chicago Counter, connected N-C Sealer, Model 183 and 
C-111 Printing Timer, was used for the determinations. The samples for 
were prepared copper planchets. correction for self absorption was applied 
samples weighing less than 100 but for larger samples the counting method outlined 
Heard and his associates was adopted (14). 

The neutral extracts the plasma samples were chromatographed Whatman No. 
paper the toluene-formamide system (8). Fifty unlabeled corticosterone was 
added each extract and also chromatographed separately each chromatogram. 
Radioautographs, showing the distribution the the chromatogram, were ob- 
tained according the procedure Heard and co-workers (9). minimum weeks’ 
exposure time was found necessary obtain discernible spots the film. 

Eleven dogs were used these experiments: Three intact normal dogs, three hepa- 
tectomized, three ureteral ligated and two bile fistula preparations. 

Blood samples, each approximately ml., were drawn from the normal and hepatec- 
tomized dogs 20, 60, 180 and 360 minutes after injection the radioactive cortico- 
sterone and replaced with equal volume compatible blood. the bile fistula prepa- 
rations, smaller blood samples, approximately ml. volume, were drawn 16, 30, 
60, 120, 240 and 360 minutes after injection. 
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RESULTS 
The radioactivity whole plasma (Fig. fell rapidly following the in- 
jection corticosterone into intact dogs. The activity the 
hepatectomized dogs’ plasma decreased only slightly during the first hour, 
followed slight rise and relatively stable values thereafter. The plasma 
activity the ureteral ligated animals behaved like that intact dogs 
during the first hour, then rose sharply followed more gradual decline. 
The disappearance curve the bile fistula dogs, after slight initial dip 
and subsequent rise, declined slowly and consistent rate until the 
plasma activity the end hours was lowest all the groups. The 
hour plasma activity was greatest the hepatectomized animals, whose 
values were clearly separated from the ureteral ligated animals and this 
group turn had higher values than the intact animals (Fig. 1). The uni- 
formity results among animals two groups indicated the data 
shown Figure The data show that the trend given group was 
similar and the average value shown the various figures was representa- 
tive the group. 

The plasma radioactivity the neutral fraction plotted against time 
gave similar curves for intact, bile fistula and ureteral ligated dogs (Fig. 
3). The radioactivity the neutral fraction decreased more rapidly during 
the first hour than did the activity whole plasma. 


Plasma 


Hours 


hepatectomized and ureter ligated dogs, 
plotted against time after injection 
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Plasma 


Hours 


Fig. The individual plasma values for total obtained intact dogs (solid 
lines) and hepatectomized dogs (broken lines) are plotted against time after injection 


The radioactivity the neutral fraction the hepatectomized animals 


declined much more slowly than for the other three groups, although this 
fraction declined somewhat more rapidly than the total activity plasma 
(Fig. 1). Figure shows the average content the plasma fractions 
the intact and hepatectomized dogs. The values for each fraction were 


300 


counts/min./ml. 


Fig. Average content neutral extracts plasma from intaet 
bile fistula hepatectomized A—— and ureter ligated 
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expressed percentages the whole plasma level. These data demon- 
strated that incubation with beta-glucuronidase freed very little material 
extractable with methylene chloride. the content the neutral frac- 
tion decreased, the the aqueous phase increased. Both the decrease 
content the neutral fraction and the increase the aqueous phase 
were less pronounced the hepatectomized animals. 

The neutral extracts these plasma were mixed with enough cortico- 
sterone for spot location and were chromatographed described (8) and 


The per cent whole plasma that remains the neutral extract ——, 
the beta-glucuronidase extract and the residual aqueous phase 
the plasma intact and hepatectomized dogs. These percentages are plotted 
against time. The was injected zero time. 


radioautographs were prepared. The spots corticosterone were located 
the paper, ultraviolet illumination, from inches from the 
starting line after hours. The radioautograms the chromatographed 
neutral plasma extracts from intact dogs showed that the spots cortico- 
sterone gradually diminished until spot was detectable the sample 
obtained one hour after injection. While the intensity corticosterone-4- 
spot declined, well defined spot one inch below and another spot 
that did not leave the point origin appeared, even the case blood 
samples drawn within minutes after injection. Similar changes were ob- 
tained with the neutral extracts plasma samples from hepatectomized 
dogs. 

Urine samples were collected from the intact dogs and hours 
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14 recove ved. 


Urinary and fecal excretion the radiometabolites 
intact dogs. The amount isotope recovered expressed cumulatively per cent ad- 
ministered dose plotted against time. and refer urine and 
feces, respectively. 


and subsequent 24-hour intervals. Fecal samples were separated 
either 24- 48-hour intervals. The cumulative excretion curves for 
both urine and feces (Fig. show that approximately 80% the 
administered was excreted hours, which 55% was found 


urine and 20% was extracted from feces. 

Bile and urine samples collected from bile fistula animals following 
injection, showed that 90% the administered 
dose was excreted the first hours (Fig. 6). The animals differed con- 
siderably the distribution radioactivity between urine and feces. 
Both animals were good condition judged appetite, bile output 
and body weight and neither one was jaundiced. The animal with the 


Fig. Biliary and urinary excretion 
the radiometabolites corticosterone-4- 
the dog. The amount isotope re- 
plotted against time. 
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lower biliary excretion (1A) had had fistula for weeks and some reduc- 
tion hepatic function may have occurred during this time. 

Urine samples were collected from the hepatectomized dogs and 
hours after injection. These samples contained only 
traces Studies ureteral ligated animals were included indicate 
what extent renal suppression may influence the plasma disappearance 
curve the distribution activity between the various fractions. 


DISCUSSION 


The rapid decline the total the plasma all dogs with intact 
livers showed that corticosterone and its metabolites were rapidly removed 
from the circulation. Similar data were obtained Ulrich and Long (15) 
their studies the metabolism rats. The marked 
difference the disappearance curves hepatectomized and ureteral 
ligated animals makes evident that any suppression renal function 
that did occur does not adequately account for the reduced rate plasma 
clearance the liverless animals. Rapid removal corticosterone the 
liver and its excretion through the biliary system indicated the sig- 
nificant amounts radioactivity bile during the first hours following 
corticosterone injection. The marked differences between the activity 
the neutral fraction plasma the hepatectomized, compared the 
other groups, show that the liver plays prominent role converting 
corticosterone into more water soluble substances. 

The secondary rise the plasma radioactivity the ureteral ligated ani- 
mals must have been due accumulation more water soluble com- 
pounds, presumably conjugates acid, that would ordinarily 
excreted the urine. The low glucuronidase effect increasing the 
extractability radioactivity could due failure conjugation 
the liverless animals and rapid excretion the conjugate intact ani- 
mals. The initial lag the total removal from plasma observed the 
fistula animals without explanation unless relates the effect 
fistula formation hepatic function. The straight line pattern de- 
cline the plasma these animals may have been due the absence 
intestinal reabsorption activity present the bile. 

Assuming that plasma weight the dog, maximum 6250 
C/min./ml. plasma would expected, following the injection 
5,000,000 counts into Kg. animal. However, after minutes, only 
400 counts 6.4% the radioactivity remain the plasma intact 
animals. The remainder must the tissues and extracellular fluids from 
which rapidly released and metabolized. The half-life the total 
plasma radioactivity averaged about minutes, about minutes 
from values the neutral fraction. The half-life cortico- 
sterone hepatectomized dogs cannot ascertained from the plasma 
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value, but was calculated two hours based the decline the 
neutral fraction, which must regarded, part, metabolite cortico- 
sterone. 

The content the neutral fraction declined more rapidly than whole 
plasma activity all groups. The fact that this decline was demonstrable 
liverless animals indicates that corticosterone metabolized tissues 
other than liver. Migeon and co-workers (16) have reported that free 
corticosterone (labeled with was rapidly removed from plasma man 
rate moderately higher than the removal hydrocortisone. The rapid 
removal corticosterone and its metabolites from the plasma the intact 
dog was similar results obtained from other studies with hydrocortisone 
(16, 17, 18, 19, 20) man. vitro studies reported the literature indi- 
‘ate that human fibroblast convert hydrocortisone and progesterone 
their 20-hydroxy derivatives (21), and that hydrocortisone incubated with 
blood reduced various tetrahydro compounds (22). 

Evidence for the presence glucuronides cortical steroids human 
plasma has been presented Bongiovanni and associates (13). These 
authors found that conjugated and free steroids were present approxi- 
mately equal amounts. The per cent remaining the aqueous phase 
increased with time after administration labeled steroids (Fig. 4), al- 
though only approximately 10% the plasma steroid activity was extract- 
able after incubation previously extracted plasma with glucuronidase. 
This finding may have been due conversion corticosterone more 
polar compounds that are not extractable with methylene chloride 
conjugation with sulfate binding the metabolites plasma pro- 
tein. The content the aqueous phase intact dogs remained constant 
after the first hour, suggesting continuous metabolism and excretion. The 
more gradual and prolonged rise this fraction the hepatectomized dog 
was probably due reduced rate metabolism and excretion. Only after 
hours was the activity this fraction similar the normal and hepatec- 
tomized animals. 

Peterson and (18) have demonstrated lowered rate re- 
moval hydrocortisone from the plasma individuals with liver disease 
compared healthy subjects. However, similar experiments with 
other steroids, including corticosterone, these authors found difference 
the rate removal between healthy subjects and patients with liver 
disease. 

The existence enterohepatic circulation the steroid and its 
metabolites the probable explanation for lower excretion feces 
the bile fistula animals and the delayed excretion the intact dog. 
man, the urinary path excretion was found predominant for the 
metabolites corticosterone (16). rats and guinea pigs, both excretory 
pathways are operable (23, 24) and this appears true the dog 
well. 
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ABSTRACT 

Acute release ACTH, measured changes concentration adrenal 
acid, was stimulated the rat single injection reserpine 
epinephrine. Prolonged hypersecretion ACTH, measured changes 
adrenal weight, and depletion pituitary ACTH content followed repeated 
injections either substance. the other hand, the acute release ACTH 
response the stress ether anesthesia was found diminished ab- 
sent after single injection epinephrine after multiple injections either 
reserpine epinephrine. These data are consistent with the hypothesis that 
the amount pituitary ACTH available for immediate release response 
acute stress reduced after administration reserpine epinephrine, whereas 
chronic hypersecretion ACTH remains unimpaired. 


AILURE release ACTH following application one more acute 

stressful stimuli has been observed the rat after chronic administra- 
tion variety pharmacologic agents, such morphine (1), atropine 
(2), reserpine (Serpasil) (3) and mepazine (Pacatal) (4). Such lack re- 
sponse stress has been defined ACTH release with 
the implicit assumption that the effect obtained represented specific 
pharmacologic action the agent employed. The present study was 
undertaken explore some aspects the specificity such 
comparing the effects one these agents, reserpine, with those 
epinephrine, known stressor. addition the methods for measuring 
ACTH release usually employed, e.g., adrenal ascorbic acid and adrenal 
weight, changes pituitary ACTH content were also determined. 


METHODS 


Male Sherman rats, 100-140 gm., were maintained diet consisting Purina 
Laboratory Chow and water libitum constant temperature room for least one 
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week prior use. Ether anesthesia was used stress and administered according 
the method Wells al. (3). Adrenal acid concentrations were determined ac- 
cording the method Mindlin and Butler (5). Pituitary glands were selected ran- 
dom from animals each group and were pooled and extracted the method 
Birmingham al. (6). These extracts were subsequently assayed for ACTH the 
vitro steroidogenic technique described previously (7). Extracts pooled pituitary glanas 
appropriate control rats were used standards these assays and pituitary ACTH 
content the experimental animals expressed per cent the control level. 
Statistical analyses were performed according the methods Snedecor (8) and Bliss 
(9). 

All the animals were injected subcutaneously once daily with one the following: 
physiological saline (controls), 0.2 ml.; reserpine (Serpasil) commercial aqueous 
solution, 2.5 mg./ml., 0.25 mg./100 gm. body weight; and epinephrine (Adrenalin) 
oil, 1:500, 0.2 mg. 0.4 mg./100 gm. body weight. The two doses epinephrine are 
abbreviated hereafter epinephrine 0.2 mg. and epinephrine 0.4 mg. respectively. 

Experiment Four groups rats were given single injection saline, reserpine, 


TABLE EFFECTS SINGLE INJECTIONS RESERPINE AND EPINEPHRINE 
ADRENAL ASCORBIC ACID CONCENTRATION 


acid 
Treatment (mg./100 gm. 


404+18 (7) 
Reserpine 272 (6) 
Epinephrine 0.2 mg. 232 (6) 


Mean +Standard error. 
Number animals studied indicated parentheses. 
(compared saline-treated animals). 


epinephrine 0.2 mg. epinephrine 0.4 mg. respectively. Adrenal ascorbie acid con- 
centrations were determined hours later (Table 1). 

Experiment Four groups rats were injected the first experiment. Twenty- 
four hours later, each group was randomly divided into subgroups. One subgroup was 
not stressed, whereas the other received ether anesthesia. All the animals were sacri- 
ficed simultaneously hours later. Adrenal acid concentrations were then de- 
termined all subgroups and pituitary ACTH content was the unstressed 
subgroups (Table 2). 

Experiment Five groups animals were respectively follows: saline 
for days; reserpine for days; reserpine for days and injections for addi- 
tional days; epinephrine 0.2 mg. for days; and epinephrine 0.4 mg. for days 
Twenty-four hours after the completion each treatment, the various groups were 
divided random into subgroups. One subgroup was not stressed, whereas the other 
received ether anesthesia. All the animals were sacrificed simultaneously hours later. 
Adrenal acid concentrations were determined all subgroups and pituitary 
ACTH content was measured the unstressed subgroups. Combined adrenal weights 
were determined for each treatment group taken whole (Table 3). 

Experiment Finally, the effect the treatments used upon the responsiveness 
adrenal acid ACTH was tested. Three groups animals were injected re- 
spectively follows: saline for days; reserpine for days; and epinephrine 
0.4 mg. for days. the day the last injection, all the rats were hypophysectomized. 
Twenty-four hours later, the left adrenal gland was removed under Nembutal anesthesia 
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TABLE EFFECTS SINGLE INJECTIONS RESERPINE AND EPINEPHRINE ADRENAL AS- 
CORBIC ACID BEFORE AND AFTER STRESS AND PITUITARY ACTH 


Treatment Subgroup (mg./100 gm. content 
Saline Unstressed 396+20 (10) 100 (5) 
Stressed 268 (10) 
Reserpine Unstressed (9) 38+ (5) 
Stressed 259+19 (7) 
Epinephrine 0.2 mg. Unstressed 367+18 (8) (5) 
Stressed (8) 
Epinephrine 0.4 mg. Unstressed (7) (4) 


Stressed 236+ (7) 


Mean +Standard error. 

Number animals studied indicated parentheses. 

(compared unstressed saline-treated animals). 
(compared unstressed saline-treated animals). 
(compared own unstressed subgroup). 


and milliunits aqueous ACTH injected intravenously volume 0.2 ml. One hour 


later, the right adrenal gland was removed and adrenal ascorbic acid concentrations de- 
termined (Table 4). 


RESULTS 


Three indices pituitary ACTH secretion were used these studies 
evaluate the effects reserpine and epinephrine. First, changes adrenal 


TABLE EFFECTS REPEATED INJECTIONS RESERPINE AND EPINEPHRINE ADRENAL 


ASCORBIC ACID BEFORE AND AFTER STRESS, ADRENAL WEIGHT 
AND PITUITARY ACTH 


Adrenal ascorbic ACTH 
Treatment Subgroup acid (mg./100 Adrenal weight content 


Saline for days (10) 25+0.4 (40) 100 (5) 
Stressed 285 (10) 
Reserpine for days (4) (15) 36+ (5) 
Stressed 423417 (5) 
injections for days Stressed (8) 
Epinephrine 0.2 mg. Unstressed (10) +0.74 (30) (5) 
days Stressed 343 (10) 


Epinephrine 0.4 mg. for Unstressed (7) (21) 41+ 
days Stressed 401+12 (7) 


Mean +Standard error. 

Number animals studied indicated parentheses. 
(compared saline-treated animals). 

(compared own unstressed subgroup). 

(compared own unstressed subgroup). 
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reflected differences the cumulative amount ACTH secreted 
the end treatment. Secondly, changes adrenal acid con- 
centration reflected the amount ACTH discharged acutely response 
stress above basal levels secretion. Thirdly, changes pituitary 
ACTH content reflected differences pituitary ACTH stores present 
prior the application stress. 

Effects reserpine. single injection reserpine was stressful and 
stimulated acute ACTH release measured hours after injection (Table 
1). Twenty-four hours later, adrenal acid concentration was still 
decreased compared the saline-injected animals (Table 2). further 
fall acid was observed after stress, but conclusion may 
drawn owing the depression the pre-stress concentration. Pituitary 
ACTH content was markedly reduced comparison the control level. 
Repeated injections reserpine produced chronic hypersecretion ACTH 


TABLE 


ACID HYPOPHYSECTOMIZED RATS GIVEN REPEATED INJEC- 
TIONS RESERPINE AND EPINEPHRINE 


Adrenal acid depletion 


Saline for days 


Reserpine for days 155 +36 (4) 
Epinephrine 0.4 mg. for days 138 +22 (5) 


Mean difference +Standard error the difference. 
Number animals studied indicated parentheses. 


indicated adrenal hypertrophy and resulted persistent depletion 
pituitary ACTH stores (Table 3). Such treatment was followed failure 
release additional ACTH acutely response the stress ether an- 
esthesia. Rats given treatment for hours following similar number 
injections reserpine demonstrated significant decrease adrenal 
weight when compared the adrenal weight obtained hours 
after the last injection. Furthermore, ACTH content increased 
significantly but still represented significant depletion <.05) 
when compared the control level. Such animals also released addi- 
tional ACTH acutely response ether stress. 

Effects epinephrine. Single injections either dose epinephrine also 
resulted significant ACTH release measured hours after injection 
(Table 1). Twenty-four hours later, adrenal ascorbic acid concentration 
returned the normal range rats given epinephrine 0.2 mg. (Table 2). 
Such animals released ACTH acutely response ether stress, but the 
amount released significantly less than that observed saline- 


Adrenal weights Table were adjusted for variations initial body weight 
analysis covariance. The significance the differences shown identical that ob- 
tained with unadjusted adrenal weights. 
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treated control rats. Adrenal ascorbic acid concentration remained de- 
creased hours after injection epinephrine 0.4 mg. and similar reduc- 
tion further acid response after stress was observed. However, 
the instance the comparable group treated with reserpine, con- 
clusion may made view the depressed pre-stress level. Significant 
pituitary ACTH depletion was found after either dose epinephrine. The 
degrees depletion obtained are significantly less <.01), however, than 
that observed after single injection reserpine. 

Repeated injections either dose epinephrine for days resulted 
hypersecretion ACTH measured adrenal weight (Table 
3). The degree adrenal hypertrophy observed proportional the 
amount epinephrine administered. Chronic administration the 
larger dose (0.4 mg.) epinephrine produced marked pituitary ACTH 
depletion and failure release ACTH acutely after ether stress, effects in- 
distinguishable from those obtained with reserpine. more moderate de- 
pletion pituitary ACTH content was observed after repeated injections 
the lower dose (0.2 mg.) epinephrine, equivalent that observed 
after single injection. Application ether anesthesia resulted mini- 
mal acute release pituitary ACTH measured ascorbic acid deple- 
tion, but, again, such release significantly less than that ob- 
tained control animals. 

Effects ACTH. Depletion adrenal ascorbic acid response 
ether stress was either minimal absent following treatment with 
reserpine epinephrine. This has been interpreted signify reduction 
acute pituitary ACTH release. also possible that such treatment ren- 
dered the adrenal glands unresponsive endogenous ACTH which may 
have been released response ether stress. This hypothesis was tested 
administration exogenous ACTH appropriately prepared groups 
animals hypophysectomized hours prior test. Depletions adrenal 
acid were obtained (Table which were not significantly different 
from that observed control animals. These findings indicate that adrenal 
responsiveness was not impaired pre-treatment with reserpine epi- 
nephrine. 


DISCUSSION 


single injection reserpine epinephrine resulted the release 
ACTH and depletion pituitary ACTH stores. Repeated injections 
either substance produced sustained hypersecretion ACTH associated 
with the maintenance decreased pituitary ACTH stores essentially 
constant levels. Similar results with respect epinephrine were reported 
Gemzell (10) with the use different technique ACTH assay. Taken 
together, these data suggest that the administration reserpine epine- 
phrine the intact rat stimulates both synthesis and release ACTH 
the pituitary gland. However, animals treated could not respond the 
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stress ether anesthesia secreting additional ACTH. Thus, the ad- 
ministration reserpine epinephrine would appear have the para- 
doxical effects both stimulating and apparently inhibiting ACTH secre- 
tion. 

mechanism, which could conceivably explain this paradox, that the 
ACTH released immediately after acute stress mobilized primarily 
from pre-existing stores. Both single and repeated injections reserpine 
epinephrine produced marked depletions pituitary ACTH content 
levels ranging from 36% control values. Under these circumstances, 
rapid release ACTH response another stress, ether anesthesia, will 
diminished absent depending the degree pituitary ACTH de- 
pletion existing prior stress. the other hand, chronic hypersecretion 
ACTH, measured over longer time interval, need not impaired 
this ACTH derived from newly synthesized hormone. These effects 
reserpine and epinephrine are not necessarily specific and may con- 
sequence solely systemic stress. This hypothesis relevant not only 
the data the present study but also the evaluation the 
effects chronic administration other pharmacologic agents which may 
also produce decreased pituitary ACTH levels. also pertains the ap- 
praisal the effects hypothalamic lesions ACTH release. Information 
concerning pituitary ACTH content after such lesions scanty; one re- 
port (11), 50% depletion pituitary ACTH content was observed. 
Diminished ACTH secretion after acute stress under these 
stances might reasonably attributed lack ACTH stores available 
for immediate release. 

Two alternative explanations the data should also considered. The 
first these that the chronic stimulation produced multiple injections 
reserpine epinephrine may result state maximal hypersecretion 
cannot evoke further ACTH release. This hypothesis does not apply the 
finding absent ACTH release response stress applied hours after 
reserpine injections were discontinued, time when chronic hypersecretion 
ACTH had clearly subsided. Moreover, the concept adaptation not 
compatible with the decrease pituitary ACTH release observed after 
stress rats given only single injection epinephrine. 

The final hypothesis that inhibition blockade acute pituitary 
ACTH release occurs after administration reserpine epinephrine. 
This explanation was invoked Wells al. (3) explain their finding 
that stress-induced release ACTH did not occur following prolonged ad- 
ministration reserpine. The observations recorded above with respect 
reserpine confirm those Wells al. with the exception that more strik- 
ing evidence adrenal hypertrophy following chronic reserpine administra- 
tion was obtained. These workers did not measure the effects reserpine 
pituitary ACTH content. The present findings might also interpreted 
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signify that reserpine acts blocking agent with respect ACTH 
release. However, this hypothesis does not account for the hypersecretion 
ACTH which was also associated with the administration reserpine. 
The definition inhibition blockade hormonal secretion which has 
been adopted most investigators the impairment hormone release 
result treatment under conditions which release might otherwise 
expected. should noted that this definition equally applicable 
epinephrine, that all the effects epinephrine parallel those reserpine. 
similar conclusion, i.e., that epinephrine also acts inhibitor 
ACTH release, seems untenable view generally accepted observations 
concerning the stimulatory properties epinephrine the rat. 

The foregoing discussion indicates the need for critical evaluation the 
use “inhibition” the interpretation data involving impairment 
hormone release. Such impairment may result from diverse causes, the 
data the present study suggest. The term usually applied 
ACTH secretion, serves primarily description impaired hormone 
release and offers explanation the nature the impairment. 
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RE-EVALUATION TECHNIQUE PITUITARY 
INCUBATION VITRO ASSAY FOR 
CORTICOTROPIN RELEASING FACTOR! 


ROGER GUILLEMIN ANDREW SCHALLY 


Department Physiology, Baylor University College Medicine, Houston, Texas 


ABSTRACT 

The vitro pituitary incubation system used previously for the characteriza- 
tion CRF activity has been reinvestigated. Under the conditions used 
assay CRF, there detectable destruction ACTH activity. The effect 
CRF cannot therefore explained the basis inhibition ACTH inactiva- 
tion. CRF does not act either potentiating ACTH the adrenal level 
inherent activity. When considering the minimal ac- 
tive dose purified substances, this test system appears highly specifie for 
CRF. There agreement characterization CRF between data 
obtained vitro and with recent vivo assay systems. 


recent paper (1) Barrett and Sayers have described the inhibition 
various peptides the (enzymatic) inactivation ACTH which takes 
place vitro upon incubation pituitary tissues homogenates. While 
carefully pointing out the differences existing between their experimental 
conditions and those used Saffran al. (2, and Guillemin al. (4), 
Barrett and Sayers nonetheless suggested that the increased ACTH ac- 
tivity found these last investigators the medium after incubation 
the pituitary the presence some added material may have been due 
not stimulation release corticotrophin but (at least part), the 
inhibition destruction ACTH. Thus, the conclusions (3, that ‘‘more 
ACTH had been released the medium under the stimulation cortico- 
trophin releasing factor (CRF)” would have heen erroneous. simple ex- 
periment was suggested Barrett and Sayers (1) settle this question; 
proposed ascertain the role so-called CRF inactivation ACTH 
during the pituitary incubation. This experiment has been performed, and 
the data are presented here. Since the critique these authors was 
essentially based the hypothesis that there may inactivation 
ACTH the conditions used assay CRF, experiments were performed 
study this question. Finally, several experiments previously reported 
(4) were repeated with the particular preparation CRF utilized above 
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and were aimed studying the possibility that: CRF acts potenti- 
ating ACTH the adrenal level; CRF stimulates ACTH-release; 
CRF has inherent activity. 

considerable interest the fact that the material used this series 
experiments vitro had been characterized solely its ACTH-releasing 
activity vivo multiple assay system (5, based successive meas- 
urements of: pressor activity; activity the 
nembutal-morphine treated rat, with plasma corticoid levels index 
hypophysectomized rat. 


MATERIALS AND METHOD 


The preparations purified CRF and control inactive material used this series 
mercial extracts posterior lobe the pituitary (6). The active fraction (AVS-610) 
stimulated ACTH-release vivo the assay described above dose milli- 
micrograms. The material nearby fractions (AVS-438) that had been found inactive 
vivo 100 millimicrograms was used control. 


Experiment Destruction Inactivation ACTH Vitro. 


The anterior pituitaries rats were cut two lobes and placed ml. pyrex 
beaker containing 1.2 ml. equilibrated Krebs Ringer bicarbonate glucose medium 
(pH:7.45). They were then incubated the Dubnoff shaker 37.5° atmosphere 
water-saturated 95% for minutes. this time, the fluid was sepa- 
rated from the pituitary glands; aliquot 0.5 was acidified with 
HCl and immediately placed ice Another aliquot 0.5 ml. was then re-incubated 
for minutes, above. the end the second incubation period, the fluid (U) was 
acidified above and both samples and were assayed against each other for adreno- 
activity (4). 


Experiment Inhibition Destruction ACTH Vitro. 


This the protocol proposed Barrett and Sayers (1). The anterior pituitary 
rats were separated from posterior lobe, cut two lobes previously (4) 
and incubated 37.5° for minutes 1.2 ml. medium Dubnoff metabolic 
shaker atmosphere water-saturated 95% the end this incuba- 
tion period, the fluid was separated from the tissues and two aliquots 0.5 ml. each 
were placed two ml. pyrex beakers labled and 1.0 microgram purified CRF 
preparation (AVS-610) was added beaker The two vials were then re-incubated 
for minutes, above. The fluids were then assayed against each other for adreno- 
activity after addition the same amount CRF preparation pre- 
viously added order eliminate any possible potentiation ACTH the 
adrenal level. 


Experiment Stimulation ACTH Release. 


The anterior pituitaries rats were cut two lobes, and each lobe placed two 
beakers marked and and containing 0.5 ml. medium. millimicrograms puri- 
fied CRF (AVS-610) were then added beaker Both sets adenohypophysis were 
then incubated above for minutes. the end the incubation period, the fluids 
were collected two test tubes containing 0.1 HCl. They were subsequently 
assayed against each other for their adrenocorticotrophic activity (4). 
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Experiment Potentiation ACTH the Adrenal Level. 


With Rat ACTH. The anterior pituitaries rats were cut two 
lobes and 1.2 ml. medium for minutes, above. this time, the fluid 
was separated from the pituitary glands, acidified with ul. HCl and centri- 
fuged high speed for minutes. Two aliquots 0.5 ml. each and the clear 
supernatant were then placed two tubes and aliquot was added millimicro- 
grams purified CRF Both samples and were then assayed against 
other for their activity (4). 

With USP Reference Standard for Corticotrophin. millimicrograms purified 
CRF were added 0.5 ml. solution containing mu. ACTH/ml.; the 
same experiment above was repeated. 


Experiment Direct Adrenocorticotrophic Activity. 


microgram purified CRF (AVS-610) was added 0.5 ml. medium (U) and 
assayed for adrenocorticotrophic activity two dose levels against ACTH USP Stand- 


Experiment Specificity CRF 


Experiment was repeated using 1.0 microgram preparation AVS-438, material 
had been found inactive stimulating ACTH release vivo. The dose AVS-438 
used here was times that AVS-610 used 

The activities the various pituitary incubation fluids were assessed 
using the vitro assay Saffran and Schaliy (26). This assay was chosen for con- 
venience because its simplicity execution and good index precision. The authors 
feel that any other ACTH assay (as the hr. hypophysectomized rat) would 
similarly The data Table express ratios (antilog the corticotrophic 
activities the incubation fluids each experiment (see (4) for detailed 
and explanation this design). considered that this particular design which 
pituitary incubation fluids are tested against each other not open the restrictions 
mentioned Roberts (27), regarding specificity the stimulation the 
vitro adrenal technique. This position has been considerably the recent 
studies Fortier (28), who studied the properties rat 
ial extracts this vitro assay. 


TABLE RESULTS AND STATISTICAL ANALYSIS (VARIANCE AND FACTORIAL) 
THE VARIOUS EXPERIMENTS DESCRIBED TEXT 


dence ance | (100 Xanti- 


len ite slope | A=S/b 
limits Ss log SM) —100, Samples | Slope | Divergence} b 


Experiment A** 


1.9 
0.7 


1.1 
142 


0.096 


Experiment B | 0.98 | 1.54 


Experiment C 


0.03 0.093 
0.4 0.098 


102 


Experiment D 
a 


Asntiloe Confi- Vari- % Error ‘Variance ratios F* | Compos- 
M 
| 


0.037 


0.193 
Experiment E 


Experiment F | 1.01 | 1.4 | 
| 0.7 | 0.163 


* Statistical significance for F >7.17. 
** Details of the experimental protocols and purpose of experiments, in Materials and Methods. 


| 
j | | | bu= 0 
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RESULTS 


The results are presented Table The crude data all these ex- 
periments have been submitted the analysis variance and factorial 
analysis (for sample, slope and divergence) used previously (4). Calcula- 
tions the true confidence limits (antilog the potency 
ratios (antilog based corresponding odds 95% (7). 

Experiment after minutes incubation, i.e. the conditions 
used assay CRF (3, 4), there evidence destruction the ACTH 
released and present the fluid after minutes pre-incubation the 
cut half-pituitaries. Addition 1.0 purified CRF the incubated 
fluid, Experiment did not alter these results. That ACTH was present 
these incubation fluids evidenced the high values for the composite 
slopes (b) and their variance ratios (F) found Experiments and 
cannot therefore argued that the ratios observed Experiments 
and were obtained absence adrenal stimulation, i.e. after destruc- 
tion the ACTH the incubated fluids. Experiment addition 
purified CRF (i.e. dose times smaller than that 
factor 2.0 the amount corticotrophic activity found the 
medium the control half-pituitaries. Experiment shows that purified 
CRF exerts potentiation the adrenal level, the adrenocortico- 
activity native ACTH ACTH USP Standard. This result 
can also interpreted mean that inactivation ACTH was taking 
place during the incubation with the adrenal fragments, the presence 
purified CRF did not alter the reaction rate. From Experiment 
concluded that purified CFR has direct ac- 
tivity; the basal corticoidogenesis the adrenal fragments (U) was not 
altered addition two dose levels CRF (AVS-610) whereas the 
normal response was obtained the fragments stimulated ACTH 
USP Standard. can and the divergence be- 
tween the two curves infinite =0). Experiment supports 
the concept that the vitro stimulation ACTH release observed 
periment not non-specific phenomenon brought about any peptide: 
fraction AVS-438 amount times greater than that AVS-610 
used Experiment and according the same design did not produce 
increase the ACTH activity the medium the incubated pituitaries. 


CONCLUSIONS 


The increased amounts ACTH present the fluid the pituitary 
incubated vitro upon addition certain peptide fractions hypo- 
thalamic neurohypophysial origin has been proposed (3, index 
the ability these fractions stimulate release ACTH from the 
living adenohypophysial tissue. The results the series experiments re- 
ported here study alternative mechanisms proposed several investi- 
gators (1, 10, 11, 12, 13, 14, 20) explain the increased ACTH concentra- 
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tion the medium after addition similar fractions have failed 
substantiate these critical proposals. 


DISCUSSION 


The technique short term incubation the pituitary originally 
described Saffran and Schally (2) assay for CRF has been modified 
and subsequently utilized with different fortunes, several groups 
investigators. While respecting the technical prerequisites outlined the 
Montreal group, Guillemin al. (4) proposed modified design the 
assay which allowed the expression true confidence limits assay 
and granted the use internal control for basal secretion ACTH. 
This design was later used Schally and Saffran (8, 9). The results ob- 
tained independently these two groups have been consistent and con- 
the other hand, several investigators (1, 10, 11, 12, 13, 14) 
were led criticize the original method pituitary incubation 
possible assay for CRF, and the conclusions derived from its use, the 
basis series results obtained with methods which all differed 
some aspects from the original description. 

one takes into consideration the minimal active dose any substance 
tested for ACTH releasing activity, the vitro method described 
earlier (4) able differentiate sharply between purified CRF, vaso- 
pressin, several vasopressin analogues, oxytocin and closely related pep- 
tides natural synthetic This with the 
non-specificity the method when used with large amounts added 
materials (see Table 2). The results reported with pituitary homogenates 
long-term hours) incubation intact pituitary distilled water 
plasma (1) would similarly make these latter techniques unsuitable 
assays for CRF. would seem that, like any other biological system, the 
vitro pituitary system assay for CRF, has rather sharp limitations 
its tolerance alterations its design and use. These limitations! may 


This laboratory has never used the technique the anterior pitui- 
reported Schally and Saffran (in 9). 

activity purified vasopressin this system best ex- 
plained close relationships for composition and structure the two substances. This 
view tentatively supported qualitative amino acid analysis the purified materials 
(9; Guillemin and Ward, unpublished; Schally and Guillemin, unpublished) and the 
close behaviors the two purified materials CRF and vasopressin 
several systems (2, 17). Thus, the action vasopressin this system should 
attributed overlapping the activities inherent the molecules CRF and 
vasopressin (18) rather than non-specificity the system (14). Such overlapping 
activities are commonplace current endocrinology. 

Other limitations inherent the method are important and prevent considering the 
vitro pituitary the ideal assay system for CRF. 

The available evidence with the classical assay system (2, that its response 

does not show linear relationship increasing doses purified CRF. 

Because this absence proportionality the response, the assay yields only 

information qualitiative nature material stimulates does not stimulate 
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TABLE MATERIALS ADDED PITUITARY INCUBATED vitro EXPERIMENTS 
VARIOUS AUTHORS. ACTIVE DOSE PURIFIED MATERIALS 


Nature material ACT Amount added ference 
fractions Indiscriminate activity mg. (12)* 
Substance preparations 0.67 mg. (13)* 
Undisclosed materials 
frac Specific loc ation activity 100 (2) 
0.5 (3) 
Inhibition large doses 
Neurohypophysial fractions Specific location ug. (4) 
Subst: tions 200 ug. 
Minimal active dose 1.0 (29) 
Arginine-v dose 2.0 (29) 
Oxy tocin*** activity found to: (29) 
purified CRF Minims tive dose 0.09 (8) 
Partially purified CRF tive 0.04 ug. (6) 
Partially purified Minim: active 0.01 (29) 


authors, reads follows: authors wish state that further investigation lead be- 
lieve the test for ACTH releasing substances employed this paper is: Not specific since 
other materials besides those discussed may give positive reactions; The test cannot re- 
lied upon invariably give reproducible data. The original Saffran test presumably spe- 
cific, but our modifications may give erratic results and not reeommended.”’ 

Materials received from Dr. Vigneaud prepared the method Ward and 
Guillemin (25) 

*** Experiments done with oxytocin prepared synthesis and received from Dr. Bois- 
sonnas, Sandoz Ltd., Basle, Switzerland. 

**** This analogue vasopressin was prepared Dr. Katsoyannis and Dr. Vigneaud. 


not compatible with the particular purpose conditions originally 
intended investigator. 

great interest for evaluation the vitro assay for CRF are the 
present attempts correlate vitro and vivo activity. Several publica- 


release ACTH the system). follow purification procedure with this 
assay, one must facto aim the minimal active dose yielding mathematically 
significant response (See Table 2). The absence proportionality the response 
the dose material added, meaning the impossibility make comparison 
with standard multiple dose levels obviously considerable drawback 
any bio-assay. Saffran and studied recently new design the assay ac- 
cording the cross programming Smith al. (16). They concluded 
that linear log-dose response relationship can demonstrated with this system 
and that can used routine procedure. The results reported far (15) 
treated the mathematical analysis that would have been necessary 
substantiate this important conclusion. 


7 
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tions have recently appeared this effect. Clayton al. (19) have re- 
ported extensive series clinical investigations showing that only 
materials active vitro release ACTH humans judged serial meas- 
urements plasma 170H-corticosteroid levels absence symptoms re- 
lated stress. the other hand, reported (20) that fractions 
origin corresponding fraction (4) did not deplete the 
acid the rat with acute hypothalamic lesion reportedly in- 
hibiting stress-induced ACTH release with pharmacological 

this report, evidence has been presented (5, 21, 
25) that the material active vitro stimulates the release ACTH 
test based measurement plasma free corticosteroids, the rat with 
hypothalamic lesion pharmacological blockade. The re- 
sponses obtained show linear log-dose relationship. Materials inactive 
vitro were found inactive these vivo experiments. interesting that, 
over wide range doses injected CRF, the increases plasma 
corticoid levels produced stimulation the release endogenous 
ACTH were observed without appreciable depletion adrenal ascorbic 
acid concentration when the two variables were measured the same 
animals. This may explain the results (20) who used ascorbic 
acid depletion index ACTH release. similar dissociation between 
stimulation corticoidogenesis and depletion adrenal ascorbic acid con- 
centration the classical Sayers test has already been reported after in- 
jection ACTH USP Standard the hypophysectomized rat (22). 

far, agreement has been obtained this laboratory between the 
data from the vitro pituitary system and those from the recent vivo 
studies. This coherent pattern results would appear speak favor 
the validity the data collected with the vitro pituitary incubation 
used Since physiological CRF definition acts directly the 


(20), Fortier previously (11), proposed that the materials added the 
pituitary incubated vitro may release ACTH sort holocrine secretion brought 
about effect the membrane permeability the hypophysial cells. That this 
not likely the case demonstrated the results two different experiments which 
pituitary tissue surviving vitro was perfused for hour with solution fraction 
concentration 100 times greater than that used (4) stimulate ACTH release. Cine- 
micrography the tissue hours after the end the perfusion revealed perfectly 
normal cells with evidence alterations membrane mitochondrial movements 
(Duke, Fox, Guillemin, unpublished). These morphological observations and the report 
Hokin al. increased uptake the phospholipide fraction the pituitary tis- 
sue when stimulated vitro CRF (23) make quite unlikely that purely passive 
mechanism should effective the CRF stimulation ACTH release vitro. With 
the exception the report Hokin al. (23) insight into the mode action 
vitro CRF presently available. 

Reference made here recent and authoritative review Hechter (24) and 
his considerations the use, significance and limitations vitro methods 
endocrinology. Our own thinking this problem relating the vitro studies CRF 
has found most lucid exposé his 
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pituitary level, some vitro pituitary incubation system would offer 
simple technique ascertain this point, the search for this substance. 
Physiological CRF should not only active the proper vivo prepara- 
tions, but should also active vitro. the two types assay test 
systems, should stimulate release ACTH doses (when obtained 
highly purified form) smaller than those any other substance cor- 
responding degree purity which may effective the same test system. 
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ABSTRACT 

Treatment female rats with reserpine chlorpromazine interrupts nor- 
mal estrous cycles. establish whether this effect related the discharge 
luteotropin from the adenohypophysis the previously demonstrated in- 
hibition the ovulatory release pituitary gonadotropin (LH), the pseudo- 
pregnancy response the normal 5-day cyclic rat was tested. When single 
injections reserpine mg./kg.) chlorpromazine (50 mg./ 
kg.) were given animals during the proestrous estrous phase the 
60% the animals became pseudopregnant indicated deciduoma forma- 
tion following uterine traumatization. contrast, 100% the rats treated 
the first day diestrus became pseudopregnant and gave maximal decidual 
responses. Prolongation the diestrus phase also occurred cyclic animals 
treated day diestrus, but decidual formation, response uterine 
traumatization, was minimal absent. Nembutal (35 mg./kg.) administered 
under similar conditions failed alter the estrous cycle third group rats. 
Chronic treatment female rats alternate days with reserpine produced and 
maintained deciduomata for 15- but not for 20-day periods. These results indi- 
cate that the prolonged interruption normal estrous cycles rats treated 
with reserpine chlorpromazine due the release luteotropin from the 
adenohypophysis. 


the more consistent alterations the reproductive perform- 

ance animals treated with reserpine chlorpromazine the inter- 
ruption normal estrous and menstrual cycles addition, galac- 
torrhea frequently occurs female mammals and patients receiving these 
drugs rats, prolongation the diestrus phase the estrous cycle 
has been noted resemble superficially that observed earlier with chronic 
morphine sulfate treatment (12). Seemingly, the morphine-induced irregu- 
larity estrous cycle and the acyclic behavior which ensues following 
are due different imbalances pituitary gonadotropic 
hormone secretion. The ovaries morphine addicted rats lack corpora 
lutea, suggesting blockade the ovulatory release luteinizing hor- 
mone from the adenohypophysis (12). contrast, the ovaries rats sub- 
jected chronic reserpine treatment contain numerous large corpora 
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lutea similar size and appearance those observed during pregnancy. 
Nevertheless, spite these differences and the fact that they are phar- 
macologically unrelated, morphine, reserpine and chlorpromazine are all 
equally effective inhibiting the neurogenically-controlled release 
ovulating hormone (LH) when administered before the 
the day proestrus (12, 13). 

the current study have attempted establish whether the pro- 
longation diestrus and the related ovarian histology the tranquilized 
rat correlated with the secretion third gonadotropin, luteotropic 
hormone (LTH). has long been recognized that the release LTH the 
rat normally depends upon the reflex activation the hypothalamus 
coitus artifical stimulation the vaginal cervix. However, in- 
teresting series experiments, Desclin (14) and Everett (15) found that 
the rat adenohypophysis, when isolated from the diencephalon and auto- 
transplanted the kidney capsule, selectively secreted LTH. From these 
observations, Everett suggests that the hypothalamus may ordinarily 
exert inhibitory control over the secretion this gonadotropin 
during the estrous cycle. this then the secretion luteotropic hor- 
mone from the adenohypophysis might also fostered factors which 
depress hypothalamic activity. Thus evaluation the ability two 
tranquilizers, barbiturate and alkaloid induce pseudopregnancy 
the cyclic rat, considerable interest, especially since these drugs have 
been shown inhibit one phase the hypothalamic control gonado- 
tropin secretion blocking ovulation. The results these experiments 
have been reported previously abstract form (16). 


MATERIALS AND METHODS 


The Sprague-Dawley female rats used this study were maintained tempera- 
ture-controlled, artificially illuminated room for days before use. Prior experimen- 
tation, daily vaginal smears were taken for 3-week period determine the charac- 
teristics and ascertain the regularity the estrous cycle. 

Two groups rats were employed the acute reserpine studies, one which ex- 
hibited single day vaginal cornification and the other, two days cornification. 
Single injections mg./kg. reserpine were administered subcutaneously 
these animals definite day the estrous cycle. Another series cyclic rats was 
given single subcutaneous injections mg./kg. chlorpromazine (Thorazine?) 
definite days during the estrous cycle. compare the effectiveness these tranquiliz- 
ing compounds with Nembutal and morphine releasing LTH, two other groups rats 
received either morphine sulfate (40 mg./kg. s.c.) pentobarbital sodium (35 mg./kg. 
I.P.) single injections either the day estrus the first day diestrus. Reserpine 
was brought the correct concentration with special Serpasil injectable vehicle, whereas 
the remaining drugs were dissolved Ringer solution prior use. 

The decidual response was used the index luteotropic hormone release. The uteri 
animals suspected being pseudopregnant were traumatized threading one horn 
the first day the rats failed show expected vaginal proestrus smear. autopsy, 
days later, the decidual response was recorded arbitrary scale 0-4+ based 
the diameter the deciduomata. 
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the experiments, 5-day rats were treated every second day with 
reserpine for 12, and day periods. Injections were begun the first day diestrus. 
Due the marked debilitation produced repeated injections the mg./kg. dose 
reserpine, was necessary reduce the dose 0.5 mg./kg. s.c. the second 
tion and 0.25 mg./kg. the third injection ensure survival the animals. This 
latter dosage (9.25 mg./kg. s.c.) was continued until autopsy. 

the termination the various experiments, segment the deciduoma uterus 
and both ovaries were fixed Bouins solution, embedded paraffin, serially sectioned 
and stained with hematoxylin and eosin. All tissues were examined microscopically 
verify the autopsy findings. 


RESULTS 


The effects reserpine mg./kg. s.c.) prolonging the diestrus phase 
the estrous cycle animals exhibiting one day vaginal cornification 
are summarized Figure When single injections this drug were given 


DECIDUAL RESPONSE OF ANIMALS 
RESERPINE MG/KG S.C.) REMAINING DIESTRUS MG/KG RESERPINE 


= 
a 
= 


TOTAL NO. ANIMALS (8) (6) (8) DAY OF CYCLE I ma 
TOTAL NO. ANIMALS (5) (6) (14) 

Percentage animals remaining Percentage distribution deci- 
diestrus following single injection responses obtained from the diestrus 
reserpine mg./kg. s.c.) various illustrated Figure. 


proestrus (I), estrus (III) the last day diestrus (V*) 50-60% 
the animals developed prolonged diestrus, whereas all the rats treated 
the first second day diestrus (V', continued diestrus. The de- 
gree the decidual responses these acyclic animals shown graphically 
Figure Maximal decidual responses were observed in89% the 
rats injected the first day diestrus compared with only 44% the 
animals treated estrus (III). interesting note that even though 
every animal treated the second day diestrus became acyclic, decidu- 
oma formation was minimal absent. Delay injection until the third 
day diestrus decreased still further the number positive responses. 
Since the period time between injection and traumatization the uterus 
was only days these latter groups lapse three days was 


100 
100 
60 p Y 1+ 
Z + 
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allowed between treatment and surgery several other rats. This pro- 
_cedure failed alter the previous results. 
The comparative effect reserpine the estrous cycles rats exhibit- 
ing two days vaginal cornification shown Figure With the excep- 
tion the rats treated estrus, approximately the same percentage 
animals became acyclic following treatment did Group (Figs. 3). 
However, the deciduomata were markedly smaller size than those ob- 
tained the former group (Fig. ef. Fig. 2), yet more positive responses 
were obtained rats treated the third day after estrus with only 42% 
the rats failing form decidua compared with 63% Group 
The chlorpromazine-induced alterations the estrous cycle the rat 


RESERPINE MG/KG S.C.) DECIDUAL RESPONSE 


ANIMALS REMAINING DIESTRUS 
MG/KG RESERPINE 


100 


w 
c 
= 
40 3+ 
= 20 20 Y 
2 
ae. 
2 3 
TOTAL NO. ANIMALS (6) (5) (4) (5) (6) TOTAL NO.ANIMALS (6) 


Percentage animals remaining 
diestrus following single injection 
reserpine mg./kg. s.c.) various days 
vaginal cornification occurred. 


Fia. Percentage distribution decid- 
ual responses obtained from the diestrus 
animals illustrated Figure 


and the percentage decidual responses obtained the uteri these 
acyclic animals are illustrated Figures and While the relative num- 
ber animals that remained diestrus did not differ appreciably from the 
reserpine-treated groups, considerable differences were observed the 
size the deciduomata formed after uterine traumatization. the chlor- 
promazine group the deciduomata sizes rats treated the first day 
diestrus resembled those observed the uteri rats receiving reserpine 
estrus Figs. and 6). Furthermore, all none response was ob- 
tained rats treated estrus with 50% the uteri forming large decid- 
uomata (4+) and the others deciduoma. All rats given chlorproma- 
zine the last day diestrus failed give decidual reactions. 

Single injections morphine sulfate (40 mg./kg. s.c.) pentobarbital 
sodium (35 mg./kg. I.P.), injected estrus the first day diestrus, did 
not alter the normal five-day cycle. Since the central nervous effects 
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these compounds generally lasts only hours compared with 
hours for the tranquilizing compounds, four rats were given morphine 
the first and second days diestrus. Two these animals remained 
diestrus and gave decidual responses after uterine traumatization. 
Similar treatment rats with pentobarbital sodium did not alter the vag- 
inal cycle. 

Chronic reserpine studies. determine the length the pseudopreg- 
nancy period induced single injection reserpine, initial group 
four rats received mg./kg. this drug the first day diestrus; the 
vaginal cycle was then followed until the first estrus after treatment, 
which time autopsy was performed. Diestrus was prolonged 12—14 days 


CHLORPROMAZINE (50 MG/KG DECIDUAL RESPONSE ANIMALS 
100 REMAINING DIESTRUS 
(50 MG/KG CHLORPROMAZINE 


40 


% ANIMALS REMAINING IN DIESTRUS 


TOTAL NO. ANIMALS (4) (7) (5) (6) DAY 
TOTAL NO. ANIMALS (4) (7) (5) (6) 
Percentage animals remain- 
ing diestrus following injection Percentage distribution decid- 
chlorpromazine (50 mg./kg. s.c.) vari- responses obtained from the diestrus 
ous days normal 5-day cycle. animals illustrated figure 


these rats, the length normal pseudopregnancy. autopsy all Fallo- 
pian tubes contained ova, revealing that ovulation had occurred. 

chronic series experiments, 5-day cyclic rats were treated every 
second day with reserpine for 12-, 15- and 20-day periods beginning the 
first day diestrus. The uterus was traumatized these rats the fourth 
day after treatment was begun, and autopsy was performed hours after 
the last injection. Extremely large deciduomata were found the uteri 
the 12-day treated rats, but days absorption decidua had begun 
and days only one uterus contained decidual tissue. Vaginal cornifica- 
tion did not occur any these animals during the period treatment. 
final group three rats, treatment was discontinued after days but 
vaginal smears were continued. Irregular cyclic behavior returned 
days after cessation treatment. 

Ovarian Histology. Although considerable variation was noted the 
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decidual response animals given single injections the various tran- 
quilizing drugs, ovarian structure did not differ appreciably from one 
grcup another. Generally, large corpora lutea were present each 
ovary, and they ranged size from mm. diameter. Follicles 
were also present various stages development, suggesting that FSH 
secretion was not completely depressed (Figs. 10). 


DISCUSSION 


These results clearly indicate that the acyclic condition the 
quilized” rat produced atypical release luteotropic hormone 
from the adenohypophysis. Velardo (7) has observed that pseudopreg- 
nancy can likewise induced Trilifon, tranquilizer with properties 
somewhat different from the drugs used these experiments. other 
species reserpine treatment induces lactation the rabbit (8, 10) and 
suppresses menstruation and ovulation the rhesus monkey (6). Whitelaw 
(11) observed that clinical use chlorpromazine would delay ovulation 
the female patient, and there are several reports that also induces galac- 
torrhea (12, 18). 

difficult reconcile the findings the present experiments with 
those other investigators who report involution the corpus luteum 
the pregnant rat after treatment with reserpine chlorproma- 
zine (3, 19, 20). Not only apparent that the corpus luteum becomes 
functional after treatment the rat with these drugs, but also that re- 
mains functional beyond the normal period pseudopregnancy 
days). Furthermore, DeFeo (28) has shown that reserpine will not in- 
terrupt uterine deciduoma formation during pseudopregnancy which 
results from stimulation the vaginal cervix the rat. more probable 
that the abortions which occur the tranquilized rat are due general 
debilitation the mother deleterious drug action the placenta 
directly the embryo. 

The mechanism mechanisms which reserpine and chlorpromazine 
induce, least permit, the secretion LTH the absence coitus 
speculative. Everett (16) has shown that autotransplantation the adeno- 
hypophysis the kidney capsule results gland which selectively se- 
cretes luteotropic hormone the expense the other tropic hormones. 
suggests from these experiments that the normal cyclic rat the hypo- 
thalamus way its neurovascular linkage the pars distalis partially 
inhibits LTH secretion and that the inhibitory agents may the same 
those which induce the secretion the other gonadotropins. some- 
what different series experiments, Rothchild (21) found that unilateral 
ovariectomy during normal pseudopregnancy was not followed hyper- 
trophy the remaining ovary would the case the cyclic rat. 
proposed that factors which suppressed the secretion FSH-LH also 
fostered the secretion LTH. The present results are not inconsistent with 
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Ovary rat injected with reserpine mg./kg. s.c.) and autopsied 
days later. This animal gave maximal decidual response. 

Fig. Ovary rat injected with reserpine mg./kg. s.c.) and autopsied 
days later. This animal gave decidual response. 

Ovary rat injected alternate days with reserpine for total days. 

10. Ovary rat injected alternate days with reserpine for total days 
and then allowed 10-day recovery period. 
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either hypothesis. Reserpine and chlorpromazine will block ovulation when 
administered prior the 2—4 the day proestrus. 
Furthermore, both compounds induce pseudopregnancy even when given 
single injections. Although morphine and Nembutal similarly block 
ovulation the rat, they are ineffective inducing pseudopregnancy 
when given single injections. should remembered, however, that 
these latter compounds have relatively short central nervous action 
compared with the hour effect reserpine. Thus may that 
necessary not only for hypothalamic function depressed, but 
that such function depressed for somewhat extended period time 
order for LTH released. 

Assuming that reserpine and chlorpromazine induce pseudopregnancy 
blocking hypothalamic function, and thus permit LTH released, 
the differential effectiveness the agents during the various phases the 
estrous cycle still needs explained. One might invoke cyclic changes 
thresholds hypothalamic function response different levels circu- 
lating ovarian steroids. Recent experiments have shown that steroids can 
act directly the brain (22, 23, 24, 25), and Kawakami and Sawyer have 
found that systemic administration ovarian steroids can alter functional 
thresholds the brain (26). explanation the present problem based 
this type evidence would simply imply that the tranquilizers release 
more LTH during day (V') diestrus than during the other days the 
cycle. 

seems more likely, view the recent experiments Nikitovitch- 
Winer and Everett (27) that decreasing responsiveness the corpora 
lutea toward the end the 5-day cycle may explain the differential effects. 
These authors found that pseudopregnancy was not induced pituitary 
transplanted the day proestrus due luteolysis the corpora. When 
new generation corpora was induced artificially the same 
pituitary graft supported deciduoma formation. the present experi- 
ments the somewhat better proestrus possible because the 
tranquilizer was purposely administered too late block ovulation and, 
the new generation corpora was the group stimulated the pseudo- 
pregnancy cases. Such explanation the variations terms differ- 
ential responsiveness the target organs consistent with the results 
reserpine-induced lactogenesis rabbits. this animal, the condition 
the mammary gland more important than the level ovarian steroids 
the retention release pituitary LH. the mammary gland were 
responsive condition lactogenesis (as indicator the release lacto- 
genic hormone-LTH) occurred whether not the reserpine blocked ovu- 
lation (9). 

Acknowledgments 
wish express our appreciation Dr. Gaunt Ciba Pharmaceutical Com- 


pany for the Serpasil and Dr. Heming Smith, Kline and French Laboratories 
for the Thorazine. 


October, 1959 


REFERENCES 


Acad. 59: 22. 1954. 


TRANQUILIZERS INDUCE PSEUDOPREGNANCY 


R.: Bull. Calcutta School Trop. Med. 1955. 


1233. 1956. 
1935. 1955. 


H.: Pr. Med. 64: 2189. 1956. 


to 


T.: Fertility and Sterility 60. 1958. 


Acad. Sci. Paris 242: 


Acad. Sci. Paris 240: 


981. 1956. 
H.: Anat. Rec. 127: 362. 1957. 


J.: Proc. Soc. Exper. Biol. and Med. 96: 728. 1957. 

M.: Clin. Endoc. and Metab. 16: 972. 292. 

L.: Ann. Endocrinol. 11: 656. 1950. 


J.: Endocrinology 54: 1954. 
A.: Anat. Rec. 127: 262. 1957. 


1007. 1957. 

Y.: Ann. Endocrinol. 18: 80. 1957. 

B.: Acta Morph. Hung. 475. 1954. 


P.: Nature 181: 567. 1958. 


J.: Anat. Rec. 127: 409. 1957. 


571 
1956. 
49: 
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DAYS AFTER LITTER WITHDRAWAL 
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ABSTRACT 


Litters were removed from rats the 4th day after parturition, and hor- 
mones were injected daily attempt prolong milk secretion and retard 
mammary involution. Subcutaneous injections mg. prolactin, I.U. 
oxytocin (twice daily) 0.5 mg. hydrocortisone acetate maintained secretory 
activity and partially inhibited lobuloalveolar involution for days, 
while physiological saline, mg. growth hormone, thyroxine, 0.2 unit 
insulin were ineffective these respects. 

Daily injections prolactin with oxytocin hydrocortisone acetate were 
more effective than prolactin alone, while rats receiving all hormones 

combination milk could expressed manually from the nipples for days 
after litter removal. Injections this triad hormones did not prevent 
gradual decline secretion progressive involution lobuloalveolar tissue. 
This believed due mainly non-removal secretion from the mam- 
mary gland, although possible that hormones other than the three injected 
are also necessary for optimal lactation. 


maintenance lactation and the mammary gland after parturi- 
depends mainly neuro-endocrine mechanisms. The suckling 
milking stimulus induces the release prolactin (1, 2), oxytocin (3, 4), 
probably ACTH (5, 6), and perhaps other hormones favorable lactation; 
while the removal milk contributes degree reducing intra- 
mammary pressure and thereby permits greater synthesis milk the 
alveolar cells. Selye (7) first demonstrated the importance the milking 
stimulus ligating the galactophores rats, that litters could suckle 
but not obtain milk, and noted that secretory activity continued and 
mammary involution was markedly retarded these, compared non- 
suckled rats. 
was considered interest determine whether mammary function 
could maintained for prolonged periods rats after parturition, without 
Received February 28, 1959. 
Published with the approval the Michigan Agricultural Experiment Station 


journal article no. 2396. 
Aided part USPHS Grant C-3448. 


572 


HORMONAL PROLONGATION LACTATION 573 


the suckling stimulus removal milk, the hormones were injected 
which presumably are released the milking stimulus. the present 
study, attempts were made determine which hormones were effec- 
tive prolonging mammary function for days after litter with- 
drawal the 4th day after parturition, and then combinations the 
effective hormones were injected for days. 


MATERIALS AND METHODS 


Mature female rats the Carworth strain, weighing between gm., were bred 
and the fourth day after parturition their litters were removed. Groups usually 
rats were then started daily subcutaneous injections the following hormones 
0.1 ce. volumes: prolactin, mg. (20 oxytocin 
hydrocortisone acetate, 0.5 mg.; growth hormone, mg. (106.2+15.9% Armour 
Standard); thyroxine, insulin, 0.2 When rats were given two three 
hormones together, each hormone was given separate solution. Injections were made 
once daily except for oxytocin, which was given each morning and evening. 

intervals days after litter removal, rats were killed and the right 
inguinal mammary glands were removed for histological examination. The tissues were 
taken from the same peripheral area each gland, pinned pieces flat cork, and 
fixed Bouin’s fluid for twenty-four hours. They were sectioned and stained with 
eosin and hematoxylin. The histological sections were rated from units 
0.25, for intensity secretion, according the following minimal but definite 
secretion present, confined limited areas mammary sections; moderate secretion, 
present most areas sections; alveoli and ducts engorged with milk throughout 
sections. 

The percentage parenchymal (lobuloalveolar and ductal) from stromal 
tissue was determined projecting images from randomly selected sections from each 
gland paper magnification about 40, and drawing the boundaries the 
parenchymal tissue within each section. similar method has been used Benson and 
Folley (8). some rats, the percentage parenchymal tissue was estimated directly 
from representative histological sections. While these methods are only semi-quantita- 
tive, and the number rats each group was small, the trends observed from the 
histological appearance the mammary glands are believed significant. 


RESULTS 


The effects the different treatments with individual hormones are 
shown Table The mammary glands removed from suckled rats the 
4th day after parturition (group showed intense secretory activity, and 
average 76% the gland consisted parenchymal tissue. When the 
litters were removed the 4th day after parturition and the mothers were 
not suckled for the following days (groups and 3), all secretion 
disappeared and the parenchymal tissue was reduced average 11% 
and respectively. Only collapsed islets closed alveoli disintegrated 


The authors wish thank the following for gifts hormones: prolactin and growth 
hormone, Endocrinology Study Section, NIH; oxytocin, Dr. Parke, 
Davis and Co.; Dr. Gimpel, Sandoz Pharmaceuticals; hydrocortisone 
acetate, Dr. Michaud, Merck, Sharp and Dohme; insulin, Dr. Lee, Eli Lily 
and Co. 
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masses epithelial cells were present, and most the gland consisted 
adipose tissue. 

The groups and which received prolactin for days after 
litter removal showed definite, although reduced, secretory activity, and 
lobuloalveolar involution was partially inhibited. Prolactin showed little 
effect the end days. Oxytocin (groups and and hydrocortisone 
acetate (groups and also partially maintained secretion and retarded 
mammary involution, but were somewhat less effective than prolactin 
the dose levels injected. Growth hormone (group 10), thyroxine (group 11), 
TABLE 1. EFFECTS OF INDIVIDUAL HORMONES ON SECRETION AND AMOUNT OF PARENCHYMA 


REMAINING IN MAMMARY GLANDS OF RATS AFTER LITTER REMOVAL 
ON 4TH POSTPARTUM DAY 


Av. pa- 


Group rats Treatment with secretion rating (0-3) mammary 
gland 


Killed 4th postpartum day. 
No. days treated after litter removal. 


and insulin (group 12), were ineffective maintaining secretory function 
preventing regression the mammary glands. Photomicrographs rep- 
resentative sections from the mammary glands these rats are shown 
Figures 

The effects combinations these hormones are shown Table 
When prolactin was given together with oxytocin (groups and 
hydrocortisone acetate (groups and 4), better maintenance secretion 
and the mammary observed than with prolactin alone. Injections 
oxytocin and hydrocortisone acetate (groups and together were 
more effective than either hormone alone. 

The best and most prolonged maintenance lactation and mammary 
structure was attained with injections prolactin, oxytocin, and hydro- 
cortisone acetate (groups 13). With this combination, was possible 
express milk manually from the nipples most rats for days after 
litter withdrawal. the end days’ treatment with these three 
hormones, many the alveoli were congested with secretion that they 
ruptured, with subsequent milk flow into the stromal tissue spaces. Secre- 
tory activity the rats treated from the 10th 75th days progressively 
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1-6. Representative mammary sections from postpartum rats treated with in- 
dividual hormones: Controls, suckled, days; Controls, saline for days after 


litter removal; Growth hormone, ibid.; Prolactin, ibid.; Oxytocin, ibid.; 
Hydrocortisone acetate, ibid. 
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TABLE EFFECTS HORMONE COMBINATIONS SECRETION AND AMOUNT 
PARENCHYMA REMAINING MAMMARY GLANDS RATS AFTER 
LITTER REMOVAL 4TH POSTPARTUM DAY 


Av. 
rats 
gland 
days* 
days 


Prolactin, Acet. days 
Prolactin, Oxytocin+Hydro. Acet. days 
Prolactin, Acet. days 
Prolactin, Acet. days 
Prolactin, Oxytocin +Hydro. Acet. days 
Prolactin, Oxytocin+Hydro. Acet. days 
Acet. days 


No. days after litter removal. 


declined and often persisted only the peripheral portions the glands. 
Many the alveoli these glands appeared discrete islets, completely 
separated from the mammary ducts. Two the rats treated for days 
(group 12), and the rats treated for days (group 13) failed 
show secretion the end these periods. Representative histological 
sections from the mammary glands these rats are shown Figures 
10. 
DISCUSSION 


the hormones used and the dose levels injected, only prolactin, 
oxytocin, and hydrocortisone acetate prolonged lactation and retarded 
mammary involution. Since the suckling stimulus has been shown re- 
lease prolactin, oxytocin, and ACTH from the rat pituitaries, the removal 
this stimulus probably results reduced secretion these hormones. 
Thus has been demonstrated that the prolactin content the pituitary 
rabbits falls lactation advances, but decreases faster rate the 
young are removed parturition (9). probable that oxytocin and 
some the adrenal cortical hormones are also available reduced amounts 
the mammary gland when the milking stimulus removed. 

Injections prolactin (10), oxytocin (8), cortisone acetate (11) have 
previously been shown maintain mammary secretion rats for 
days after litter withdrawal. The present observation, that the triad 
these hormones more effective than any two one these hormones, 
suggests that each contributes separately the maintenance mammary 
function. Prolactin and ACTH are both essential for the initiation and 
maintenance milk secretion the hypophysectomized rat (12) and 
there evidence that both are increased after parturition (13, 14), while 
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oxytocin enables the young remove milk from the mammary glands. 

The mechanism which oxytocin retards mammary involution and 
maintains secretion rats after litter removal remains explained. 
Benson and Folley (8) suggested that oxytocin acted increasing pro- 
lactin secretion from the anterior pituitary. However, the following ob- 
servations are against this hypothesis: (a) the present study, prolactin 
was injected daily dose mg.=20 I.U.) estimated about 
times more than normally present the pituitary lactating rat 
0.5 I.U.) after parturition (13); yet oxytocin injections supplemented the 
effects prolactin. (b) Although the suckling stimulus induces quick re- 
lease both oxytocin and prolactin from the pituitary (1, 2), injections 
oxytocin have not been shown elicit fall pituitary prolactin the 
lactating rat, guinea pig, rabbit (15, 16). Whereas injections 
prolactin easily initiate lactation the pseudopregnant rabbit (13), injec- 
tions oxytocin are ineffective this respect (17, 18). 

Benson and Folley (8) reported that rats hypophysectomized after 
litter removal, oxytocin injections failed maintain mammary secretion, 
and concluded therefore that the maintenance effects oxytocin probably 
were not exerted directly the mammary gland. our view, however, 
that the intact rat from which milk not removed, oxytocin elicits 
direct release milk from the alveoli into the ducts and stromal tissue 
spaces, where can more readily absorbed, and that this permits more 
milk synthesized the presence adequate prolactin and adrenal 
cortical hormones. Preliminary experiments our laboratory support 
this view. 

The inability growth hormone thyroxine prolong mammary 
function rats after litter removal agreement with most other work 
the rat. Thus the intact rat, neither growth hormone (19) nor thyroxine 
(17) established milk yields judged litter weight gains. 
Lyons al. (12) observed that hypophysectomized rats, injections 
prolactin with ACTH permitted lactation support average-sized litters, 
and neither growth hormone nor thyroxine increased milk production. 
Grovsner and Turner (20) reported that growth hormone increased the 
volume milk obtained rat pups during half-hour milking period 
the 14th day lactation, but this appears doubtful significance 
since the litters did not show increased weight gains. contrast the 
rat, administration growth hormones thyroid-active substances elicit 
increases milk yields the cow, sheep, and goat Insulin has 
been reported induce slight growth the mammary gland hypophy- 
sectomized rats (24), but apparently does not elicit mammary development 
the intact rat. 

apparent that, despite the partial maintenance lactation and 
retardation mammary involution for prolonged periods the triad 
hormones injected these non-suckled rats, both the amount secretion 
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and per cent mammary parenchyma progressively declined during the 
days the experiment. somewhat similar but less drastie decline ap- 
pears occur even suckled animals from which milk removed. 
25) have recently prolonged lactation for days postpartum rats 
providing them with fresh litters uniform age and number every 
days. From the 30th 70th days, milk yields declined about 
judged daily litter weight gains, but significant involutionary 
changes were observed the mammary glands during the entire 70-day 
period. The higher degree mammary function these, compared 
the non-suckled, hormone-treated rats the present study, believed 
due mainly non-removal milk, although possible that hor- 
mones other than prolactin, oxytocin, and hydrocortisone acetate are also 
necessary for optimal lactation. 
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CORRELATION MATERNAL PITUITARY WEIGHT 
WITH THE NUMBER UTERINE IMPLANTATION 
SITES PREGNANT MICE! 
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ABSTRACT 


The pituitary weights 314 pregnant mice were correlated with the number 
uterine implantations five stages during the first gestational period. Co- 
efficient correlation and regression coefficients established that positive 
correlation exists between maternal pituitary weight and the number implan- 
tations:—those pregnant mice with the heavier pituitary glands tend have 
the larger number implantations. The correlation exists 
coitum and persists throughout pregnancy. Two regression analyses were per- 
formed; the first examined the influence the number implantation sites 
the independent variable the weight the pituitary, and the second tested 
the data reversing the ordinates. such alternative treatment dependent 
variables the regression analysis, was suggested that the number im- 

plantations depends upon the weight the pituitary and not vice versa. Thus, 
one milligram increment weight the pituitary gland was associated with 
gain 3.12 the number implantations. 

Some the endocrine factors regulating litter size are discussed. 


hormonal factors which regulate the events leading the success- 

ful nidation ova and their maintenance utero polytocous ani- 
mals have been the concern many workers for long time. this con- 
nection, have already reported the storage and release pituitary 
gonadotrophins pregnant mice and after the postpartum ovulation (1, 
attempt understand the alterations pituitary gonadotrophin 
levels the interval between ova implantation and the birth the litter. 
result these works, further observations were made which suggested 
that the pituitary may exert determining influence which could related 
the size the litter. Upon statistical analysis, these data showed that 
the number uterine implantation sites varied directly with the pituitary 
weight the mother. This report will present this evidence and the statis- 
tical rationale upon which this conclusion based, and comment further 


upon the other factors which directly indirectly interplay regulate the 
size litters. 
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MATERIALS AND METHODS 
The 314 random bred female Swiss mice used this study months age 
were caged with males preparation for their first pregnancies. The mice were main- 
tained diet Purina fox checkers with weekly supplement rolled oats. Water 
was available libitum. The vaginas were examined daily for the presence the 
copulatory plugs. Females that had mated were isolated individual cages and sacri- 
ficed 63, 93, 123, and 183 days later, which time their pituitary glands were 
weighed Roller-Smith torsion balance (sensitive 0.1 and the total number 
implantation sites each horn the uterus was recorded. The data obtained 
were recorded punch cards, and the relation between the weights the pituitary 
glands and the numbers implantations was analyzed statistically. 


RESULTS 


Table presents the distribution pituitary the total sample 
and each the five stages pregnancy, function the total num- 
ber uterine implantation sites possessed each pituitary donor. will 
noted that each stage gestation wide variation the number 
implantation sites was found. Also, the sampling each stage pregnancy 
was somewhat uneven: the 123 and day stages had fewer observations 
(12% and 13% respectively), while the and day stages had more ob- 
servations (29% and 25% respectively), than the more desirable one-fifth 
the sample represented the day stage. The distribution im- 
plants slightly skewed toward the higher values inclusive). The 
data indicate that there appreciable loss implants during pregnancy 
this sample, for there indication change the distribution 
frequencies pregnancy advanced from days. 

order determine whether real relationship existed between 
maternal pituitary weight and the number uterine implants, coefficient 
correlation was computed (Table bottom). highly significant cor- 
relation was found for the pooled observations (total pregnancy) 
Four the five stages pregnanancy showed significant cor- 
relations when analyzed separately. Since statistical treatment the sam- 
ples 63, 93, 123, and days gestation and the pooled observa- 
tions shows that the weight the maternal pituitary correlates directly 
with the number uterine implantation sites, can concluded that 
heavy pituitaries tend associated with large numbers implanta- 
tions early well late pregnancy. 

Having found that the number implantation sites and weight 
pituitaries the subsamples were significantly correlated, the pooled 
observations were graphed and regression line was fitted effort 
determine which the two factors had more influence the slope. When 


comforting degree proficiency excising pituitary glands was achieved the 
extent that contaminating adherent blood was negligible; glands were weighed quickly 
with minimal amount desiccation and they were intact with puncture damage 
the surfaces. 
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the number implants was used the fixed variable, the regression 
pituitary weights the number implants gave line (Fig. 1). in- 
spection can seen that line little biological significance terms 
the distribution the data. However, when the two factors were trans- 
posed and the pituitary weight was used the fixed variable, the regression 
the number implants pituitary weight gave line (Fig. 1). Line 
follows the direction the distribution the data with good statistical 
significance =3.12b+1.18; <0.01). The regression coefficient 
shows that, the average, for every milligram increase the weight the 
pituitary there increase 3.12 the number implants. Because 


point. 


PITUITARY WEIGHT 


Fig. diagram showing calculated regression lines number implantation 
sites weight pituitary (B) and vice versa (A). 


regression the number implants pituitary weight (line better 
fits the data and has more biological significance than does line this 
regression suggests that there direct influence the fixed variable, 
pituitary weight, the number implants; i.e., the number implants 
the average determined the weight the pituitary. 


DISCUSSION 


Previously, have reported correlation between weight the 
pituitary gland and advancing pregnancy (1). The present findings show 
that the above correlation superimposed upon new correlation between 
weight the pituitary and number implantation sites. Furthermore, the 
new correlation exists early pregnancy, for example and days 
postcoitum. 

The hypothesis that pituitary weight affects litter size regulating the 
number ova produced supported the following manner. Functional 
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increase the weight the pituitary gland associated with reproduction 
has been interpreted physiological metaplasia (3) resulting gland 
with more cellular units capable elaborating and releasing more trophic 
hormones. The stimulation the ovaries that results from augmented 
release pituitary gonadotropins manifested larger number 
Graafian follicles being brought maturity. Consequently, mice with 
larger pituitary glands shortly prior ovulation would capable pro- 
viding more ova available for implantations. 

Other factors exert influences upon the endocrine status the animal. 
For example, body weight female mice continues increase throughout 
their reproductive life (4). Similarly, parity necessarily increases with age. 
assume correlation exists between body weight and glandular 
weight, may logically expect correlation between body weight and 
the activity the pituitary gland. Three lines evidence substantiate 
the relations between body weight, pituitary activity and the number 
implantation sites: the number corpora lutea increases with increas- 
ing body weight conception (4); litter size increases second and 
third pregnancies (5, 6); and Large (LG) and Small (SM) strains 
mice, direct relationship exists between body size (hence, presumably, 
pituitary activity) and litter size (7). Thus, mice, may reasonable 
assume correlation between release gonadotropins and number 
implantation sites. 

Correlation between litter size and maternal weight conception has 
been reported for guinea pigs Eckstein and MacKeown (8). This associa- 
tion was dependent upon more basic correlation between the number 
ova (corpora lutea) produced and body weight conception. MacDowell 
al. (4) arrived precisely the same conclusion for first pregnancies 
mice. 

Previous pregnancy pregnancies may have effect body, hence, 
pituitary, weight. Campbell al. (9) showed that increase body weight 
during the first days pregnancy could elicted after removal 
ovaries, adrenals, pituitary, both ovaries and pituitary, but not 
after both ovaries and adrenals were extirpated. placental factor, operat- 
ing through either the ovaries adrenal glands, was proposed account 
for the increase body weight. The placental factor these workers may 
the luteotrophin described Astwood and Greep (10). The recent work 
Dewar (11) has shown that progesterone administered apparently 
physiological concentrations can maintain the extrauterine weight gain 
pregnant mice after removal the ovaries and placentae. Similar weight 
gains were induced nonpregnant mice implants progesterone. 
seems reasonable that progesterone ovarian adrenal origin, stimulated 
placental factor (luteotrophin), may explain the increase body 
weight during the first days pregnancy. Thus pregnancy may have 
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effect body weight which may part account for the increase size 
the pituitary gland seen during pregnancy (1). 

The present data, showing correlation between pituitary weight and 
the number implantation sites, suggests that the association between 
body weight and the number ova produced (4, may well mediated 
the pituitary gland. 
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ABSTRACT 


study was conducted the effect adrenalin with without cortisone 
blood glucose and pancreatic morphology rabbits. acute experiments 
the administration 0.25 mg. adrenalin produced much greater rise 
blood sugar animals pretreated with mg./kg. cortisone acetate for 
days than controls. With mg. adrenalin this hyperglycemia potentiating 
effect cortisone was less marked. experiments mg. adrenalin 
oil were administered times daily hour intervals either 
alone together with mg./kg. daily cortisone acetate intramuscularly for 
106 days. Adrenalin alone caused intermittent hyperglycemia with peaks 
reaching high 480 mg.%. Adrenalin injected subcutaneously with corti- 
sone produced daily intermittent hyperglycemia with maximal blood sugar 
levels rising 851 The failure adrenalin with cortisone produce 
sustained found with glucagon-cortisone 
treatment noteworthy since both substances theoretically increase blood 
sugar activating phosphorylase. Morphologically, most instances after 
adrenalin plus cortisone treatment, there was degranulation and glycogen 
infiltration duct epithelium. animals treated for prolonged periods there 
vas islet hyperplasia and neogenesis cells from duct epithelium could 
traced. These findings are thought represent reaction hyperglycemia 
which allows for increased insulinogenesis. 


PREVIOUS work the authors demonstrated both acute and 
chronic experiments that cortisone potentiates the hyperglycemic ac- 
tion glucagon (1, 2). Thus, large doses glucagon administered rab- 
bits for periods months caused only short-lasting blood sugar 
elevation. the other hand, when subdiabetogenic dose mg./kg. 
cortisone acetate was given together with the glucagon, there was marked 
protracted hyperglycemia which could maintained for periods 
weeks (3, 4). The cortisone-glucagon induced hyperglycemia was associated 
with marked cell degranulation, vacuolization cells and 
duct epithelium, well marked proliferation interlobular ducts (4). 
addition, animals treated over prolonged periods there was new forma- 
tion cells from duct epithelium, well islet hyperplasia. Degranula- 
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tion and nuclear pyknosis cells were also noted (3, +). The dosage 
mg./kg. cortisone alone caused insignificant blood sugar elevation 
and only minor alterations pancreatic islets (3). 

Since adrenalin acts similarly glucagon causing increased hepatic 
glycogenolysis augmenting active phosphorylase, was interest 
determine whether cortisone pretreatment also potentiates the hyper- 
glycemic action adrenalin. Furthermore, was hoped determine 
whether these two hormones combination would produce sustained 
hyperglycemia and correlate the blood sugar findings with the morpho- 
logic alterations the pancreas. 


MATERIAL AND METHODS 


This study was carried out New Zealand white rabbits either sex weighing 
from 2.5 kg. and was divided into acute and experiments. 

Acute Experiments. Six normal rabbits received single test dose 
either 0.25 1.0 mg. adrenalin oil. additional animals were treated with 
mg./kg. cortisone acetate aqueous suspension, intramuscularly for consecutive 
days. the 8th day, each animal received single subcutaneous dose also either 
0.25 1.0 mg. adrenalin oil. Blood for determination was obtained from 
the marginal ear vein just prior and one-half hour intervals for consecutive 
hours after injection the adrenalin. 

Chronic Experiments. The rabbits were subdivided into groups. Group consisted 
untreated animals. was made rabbits which received each mg. 
kg. cortisone acetate daily intramuscularly together with mg. adrenalin oil 
subcutaneously t.i.d. hour intervals for 106 days. Group consisted ani- 
mals which received mg. adrenalin oil subcutaneously times daily for 
days. Group was made rabbits which each received mg./kg. cortisone 
acetate intramuscularly for days. each instance blood for glucose determina- 
tion was withdrawn from the marginal ear vein the morning approximately 9:30 
A.M. and the afternoon 1:30 

All rabbits received Purina Rabbit Chow and water libitum well 200,000 
units procaine penicillin and 0.25 gm. dihydrostreptomycin sulfate (Combiotic 
Pfizer) twice weekly. The blood glucose was determined the Nelson-Somogyi method 
(5). The rabbits were sacrified overdosage with barbiturates. The tail the pancreas 
was placed immediately into Zenker-formol (20%) for study. After 
paraffin embedding the slides were stained the modified Masson trichrome (6), modi- 
fied aldehyde fuchsin trichrome (7), modification Gomori’s chrome alum hema- 
toxylin (8) and the periodic acid Schiff technique with trichrome counterstain (9) 
controlled diastase digestion for glycogen identification. 


RESULTS 


Acute Experiments single injection 0.25 mg. adrenalin oil sub- 
cutaneously untreated rabbit caused mild rise blood sugar with 
maximum value 191 mg.%. With mg. adrenalin, much greater rise 
blood sugar was observed, the maximum values reaching 409 mg.% 
(Fig. 1). However, there was usually modest decline the blood sugar 
the end the hour period. When 0.25 mg. was administered 
cortisone pretreated animals the blood sugars rose rapidly reaching 
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Comparison blood sugar re- 
sponse two untreated (A, and two 
cortisone pretreated (B, rabbits 
single subcutaneous injection either 0.25 
mg. (solid lines) 1.0 mg. (dotted lines) 
adrenalin oil. The pretreatment con- 
sisted mg./kg. daily cortisone ace- 

NORMAL tate intramuscularly for days. 


BLOOD SUGAR, 


TIME HOURS 


502 mg.% within hours. With 1.0 mg. adrenalin the maximal 
blood sugar concentration increased 684 mg.%. the animals pre- 
treated with cortisone the glycemic levels rose continuously the end 
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Islet pancreas normal rabbit showing cell granulation (B) and lighter 
staining cells (arrows). Aldehyde fuchsin stain. 
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the experimental period, whereas, the untreated rabbit they tended 
decline during the last hour. 

Chronic Experiments Group The untreated control rabbits showed 
significant differences between the morning and afternoon blood sugar 
values which varied between and 158 mg.%. nonfasting blood sugar 
value greater than 160 mg.% was therefore considered significant 
elevation. the normal rabbit pancreas (Fig. the cell granules were 
polarized the capillaries and continuity between intralobular ductules 
and islets was only rarely observed. Glycogen was not found the normal 
pancreas. 

Group The animals which were treated with adrenalin and cortisone 
showed intermittent hyperglycemia. The morning blood sugar values 
varied between and 122 mg.% and almost never exceeded the maximum 
normal level. The afternoon values were markedly elevated ranging 
851 mg.% (Fig. 3). However, the following morning blood sugars, most 
instances, had returned normal. 

The pancreas animals treated for only few days showed varying 
degrees cell degranulation (Fig. with occasional animal after 
days exhibiting complete loss cell granules. There were but occasional 
mitotic figures noted the cells. time treatment progressed, the 
cells generally became larger than normal were their nuclei which were 


BLOOD GLUCOSE 


] MORNING AND AFTERNOON BLOOD SUGAR LEVELS 
e MORNING BLOOD SUGAR ONLY 
--- UPPER LIMIT OF NORMAL 


DAYS 


Daily morning and afternoon blood glucose levels three representative rab- 
bits who received respectively: mg./kg. daily cortisone acetate intramuscularly, 
mg. adrenalin oil three times daily, well mg./kg. daily 
cortisone acetate intramuscularly, adrenalin alone 
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Islet from rabbit treated with adrenalin and cortisone for days showing 
extensive cell degranulation (arrows). Aldehyde fuchsin stain. 

Pancreas rabbit treated with adrenalin and cortisone for 104 days, showing 
islet (1) apparently originating from hyperplastic ductule (D). The cells are de- 
granulated except for single newly formed well granulated cell (arrow). Aldehyde 
fuchsin trichrome stain. 1066. 
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more ovid and had more sparsely distributed chromatin than those the 
untreated rabbit. those animals which were treated over prolonged 
periods time the islets were hyperplastic and had irregular contours. 
They frequently showed intra-islet proliferation ductular epithelium and 
formed so-called islets. addition, new formation cells 
from duct epithelium could traced evidenced cells direct 
continuity with duct epithelium (Fig. 5). These new cells appeared origi- 
nally large cells whose cytoplasm was opaque, slightly granular and 
the same time somewhat reticulated (Fig. 6). slightly later stage, 
young cells with sparse diffuse aldehyde fuchsin positive granules the 
cytoplasm were observed and eventually cells appeared which had aldehyde 
fuchsin positive granules throughout the cytoplasm. Older cells were 
much smaller, completely degranulated and showed aldehyde fuchsin 
positive borders. With the intermittent hyperglycemia observed, there was 
animal, with one exception, cell glycogen infiltration. However, 
ductular glycogen deposition was frequently extremely marked (Fig. 7). 
changes were observed the cells and there was, instance, evi- 
dence destruction cells. addition, occasional pancreatic lobules 
were observed which consisted proliferating dilated ductules and dedif- 
ferentiated acinar tissue with comparatively intact islets. 

Group The animals treated with mg./kg. cortisone alone, revealed 
small differences between the morning and afternoon blood sugar. Some 
the animals developed transient hyperglycemia with occasional blood 
sugar high 310 mg.%. The blood sugar levels representative rab- 
bit are demonstrated Fig. The animals this group showed occasion- 
ally cell degranulation, mild degrees glycogen infiltration and also 
moderate ductular hyperplasia. 

Group The animals which were treated with adrenalin alone showed 
intermittent hyperglycemia with maximal blood sugar levels ranging 
480 mg.% (Fig. 3). The morning blood sugar values rarely exceeded the 
upper limits normal. Morphologically, there was moderate degranula- 
tion cells and, with very rare exceptions, ductular glycogen infiltra- 
tion. other changes were observed. 


Islet rabbit treated for 104 days with adrenalin and cortisone showing 
degranulated hyperplastic cells (B) well young cell with opaque cytoplasm 
and vesicular nucleus. (P) Aldehyde fuchsin trichrome stain. 1066. 

Pancreas rabbit treated with adrenalin and cortisone showing islet with 
degranulated cells (B) and glycogen (black) ductular epithelium (arrows). P.A.S. 
trichrome stain. 
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DISCUSSION 


Cortisone known augment the hepatic glycogen content. Since both 
glucagon and adrenalin hyperglycemia result hepatic glycogenolysis, 
potentiation their action cortisone could expected. The aug- 
mentation the hyperglycemic effectiveness glucagon cortisone has 
previously been demonstrated (1, 2). the present study, was similarly 
shown that the hyperglycemia, induced small dosages adrenalin, 
markedly increased steroid pretreated animals. With higher adrenalin 
dosages, this effect much less marked. While protracted glucagon ad- 
ministration caused sustained hyperglycemia (3), chronic adrenalin admini- 
stration rarely produced significant elevation the morning blood sugar 
values. Since the hyperglycemic mechanism both drugs similar, 
explanation available for this dichotomy effect. possible, however, 
that reflects differences the rates which these hormones are ab- 
sorbed inactivated the body, may reflect the vasoconstricting 
effect adrenalin. 

The morphologic findings the pancreas were similar those seen 
after chronic hyperglycemia induced other methods (3, 10, 11, 12). 
This included cell degranulation well glycogen infiltration duc- 
tular epithelium. The almost exclusive deposition glycogen ductular 
epithelium accord with our previous findings that ductular glycogen 
deposition precedes that cells should emphasized that 
despite the long continued severe intermittent hyperglycemia, there was 
evidence cell destruction. This keeping with previous observa- 
tions which was demonstrated that metadiabetes the rabbit cannot 
obtained hormonal treatment (3, 10, 11, 12). 

The degranulation cells and islet hyperplasia with neogenesis 
cells from ductular epithelium are considered indicators stimulation 
islet tissue increased insulin output the intermittent hypergly- 
cemia. This stimulatory rather than injurious effect hyperglycemia 
rodent pancreatic islet cells has previously been emphasized (4, 13, 14, 16). 
Furthermore, patients with diabetes associated with Cushing’s syn- 
drome, acromegaly pheochromocytoma there associated cell de- 
struction. This has led the inference that the human pancreas responds 
hyperglycemia does that the rodent. 
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ANTAGONISM BETWEEN ESTRONE AND PARATHYROID 
THEIR EFFECTS UPON BONE ACCRETION 


RANNEY 


Division Biological Research, Searle Co., Chicago 80, Illinois 


ABSTRACT 


The aecretion rate and size the exchangeable mineral pools tibiae 
mice treated with estrone and parathyroid extract have been measured em- 
ploying Ca* and Estrone was found accelerate the rate calcium ac- 
cretion and enlarge the size the labile bone mineral pool. Parathyroid 
extract diminished slightly the accretion rate but had effect upon calcium 
exchange. When both hormones were administered simultaneously antago- 
nism between them was observed that was not function ion exchange 
phenomena but presumably was dependent changes metabolic processes 


associated with the formation new bone crystal and the growth established 


development simplified approach the study bone accre- 

tion, exchange and resorption Bauer al. (1) has made possible 
quantitatively investigate certain endocrine aspects bone metabolism. 
recently (2) have demonstrated estrogen potentiation bone phos- 
phate accretion mice, and the present report comfirm these ob- 
servations with respect uptake bone. addition, evidence 
for antagonism between estrone and parathyroid extract their effects 
upon calcium accretion bone presented. 


METHODS 


Young, adult male mice fed commercial laboratory chow were divided into groups 
mice each. the animals estrone (1.2 mg./kg.) was administered subcu- 
taneously oil, received parathyroid extract (165 units/kg., USP, Lilly) 
neously and the remaining control mice were given oil alone. The daily treatment was 
continued for days. intervals 24, 48, and 144 hours before sacrifice treated 
and control mice were injected with microcuries Ca* caleium 
lactate. All animals were sacrificed the 23rd day and plasma and left tibiae were 
sampled. Plasma was estimated the colorimetric method Kingsley and 


Robnett (3); the radioactivity plasma and bone was measured the manner de- 
previously (2). 


The calculations bone accretion, exchangeable fraction and resorption were ac- 
complished using the formulae Bauer al. (1) modified previously (2). For 
the accretion rate, 


Caos ATSa =. 


Caoz = ATS Sos 
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where Cao =the per cent Ca* recovered per gram bone the time indicated (sub- 
=the time after the administration the isotope; 
=the mean specific plasma calcium during this time interval; 
=the specifie activity plasma any given time. 


The integrated function, was measured planimetrically from the ac- 
tivity-time curves plasma calcium control and treated groups; Cao and were 
taken from Table The amount calcium the exchangeable fraction bone was 
estimated using formula (4:1) Bauer al. (1); 


where the amount the exchangeable fraction bone and other 


symbols are defined above. The values for the bone fraction-time curves were calcu- 
lated follows: 


(3) 
ES, (4) 
Car = Cag + Cag — Cao, (5) x 


where =the per cent Ca* incorporated into the non-exchangeable bone fraction; 
per cent the exchangeable fraction; 
per cent removed from the stable bone through resorption and re- 


modeling. 
compare the effect increasing dosages estrone the presence exogenous 
parathyroid extract the “accretion (2) was measured. Eight groups male 


mice each were treated for days with 0.4, 0.8 and 1.6 mg./kg. estrone with and 
without simultaneous administration 165 units/kg. parathyroid extract. Forty- 
eight hours before sacrifice all animals were given microcuries the lactate 
and the 10th day all animals were killed and plasma and left tibiae sampled. Chemi- 
cal and radiometric analyses were carried out described above. 
The measurement the accretion index simplification the approach Bauer 
al. (1) and has proved useful assay tool. The index defined: 
Cao 


(6) 


where the accretion index, and Cao and are defined above (Formula 1). 

have previously discussed the validity using this simplified approach the measure- 

ment bone accretion (2). 
assess the effect estrone the exchangeable fraction bone, was em- 

ployed mice treated with estrone mg./kg., animals per group) and oil treated 

controls. After daily injections for days, was administered intraperitoneally 

the 6th day and the animals were sacrificed hours later. Tibiae and plasma were 

sampled and the concentration was measured. 


RESULTS 


Plasma calcium activity and bone levels are exhibited 
Table That estrone enhanced the disappearanace from the cir- 
culation seen the low plasma specific activity values the early time 
intervals and the large amounts found bone these times. 


activity defined per cent found per plasma Ca. 
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TABLE THE EFFECT ESTRONE AND PARATHYROID EXTRACT PLASMA SPECIFIC 
ACTIVITY AND BONE DEPOSITION MALE MICE 


Plasma Ca* specific activity** (105) Bone Ca*, “Cag” (% Ca*/gm.) 

Control Estrone Control Estrone 

4 12.9 +.8* + +. 30.3+ .8 40.8+2.8 31.041.1 

24 2.80 +.47 1.70 +.11 2.50 + .26 39.9+1.3 43.5+1.9 35.1+2.0 

48 1.40 +.10 1.07 +.30 1.12 +.25 35.6+1.9 44.7+3.1 39.3+1.8 
96 .325+ .02 .430+ .04 -495+ .02* 29.0+2.0 39.74+3.2 

144 -220+ .02 .181+ .01 -380+ .04** 27.34+2.7 31.7+1.7 30.6+1.4 


* Mean and standard error. 

** P <.05 that treated and control groups belong to the same population. 

** Plasma specific activity is per cent Ca® recovered per microgram plasma Ca. 


Parathyroid extract, the other hand, seemingly inhibited the incorpora- 
tion the label into bone calcium since the maximum radioisotope accu- 
mulation the tibiae occurred some hours after that seen for either the 
control the estrone treated groups. Further evidence parathyroid 
extract induced decrease the apparent rate exchange between 
blood and bone was evidenced heightened plasma specific activity levels 
the later time intervals. 

The calcium accretion rate, was noticeably increased estrone 
treatment (Table 2), confirming our previous observations bone phos- 
phate accretion. Parathyroid extract, the other hand, slightly dimin- 
ished the rate tibial accretion. Furthermore, while parathyroid 
extract had negligible effect the size the exchangeable fraction 
bone calcium, estrone considerably enhanced the magnitude this labile 
mineral pool. 

The magnitudes the several bone fractions according 
formulae and have been expressed bone fraction-time curves 
Figure Although the difference between the control and the estrone 
treated groups are less than observed for bone phosphate accretion, 
the per cent administered incorporated into the non-exchangeable 
fraction bone through accretion consistently greater under 
estrone influence than the absence this hormone. The apparent rate 
reabsorption Ca* (Cag) depressed estrone earlier time intervals 
but rises equal the control value days after isotope administration. 
Parathyroid extract definitely depressed the magnitude the accretion 
fraction, and consequently the size that fraction reabsorbed was 


TABLE THE ACCRETION RATE AND THE EXCHANGEABLE FRACTION TIBIAE MALE MICE 
TREATED WITH ESTRONE WITH PARATHYROID EXTRACT 


Accretion rate, Exchangeable frac- 

Ca/gm./hr. Ca/gm. 
Control 22.3 10° 
Estrone 1.2 mg./kg. 
Parathyroid extract 165 units/kg. 19.4 


= 
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similarly diminished. Although there was variation the amounts 
residual calculated present the exchangeable fraction the 
groups these differences were slight the scale Figure that single 
curve has been used represent Cag for all groups. 

The results combined treatment with estrone and parathyroid extract 
upon the accretion index bone calcium are seen Table The increas- 
ing value the accretion index with the increasing amounts estrone 


PER GM. BONE 


PER CENT 


120 144 


HOURS 


Bone fraction-time curves estrone and parathyroid hormone treated mice. 
The ordinate shows the per cent administered Ca* the bone 
tion. The abscissa indicates the time after the isotope administration. Symbols: 
accretive incorporation radioisotope into the non-exchangeable fraction bone; Car, 
resorptive removal the amount isotope present the exchangeable 
fraction bone; CONT, EST, and PTX designate control, estrone and parathyroid 
extract treated groups, respectively. 
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TABLE THE EFFECT ESTRONE AND PARATHYROID EXTRACT THE 
BONE ACCRETION INDEX MALE MICE 


Treatment 


7 Plasma calcium Bone calcium 
iroup -arathyroi weight Specific Accretion 

1 0 0 32 94.4+ .7 10.8 + .80 37.0+1.4 3.54+ .19 
2 0.4 0 35 89.1+1.2 8.57+ .37 38.2+1.3 4.39+ .17* 
3 0.8 0 34 93.3+1.4 7.89+ .58 39.8+2.2 5.34+ .52* 
4 1.6 0 32 89.5+1.7 7.18+ .56 47.2+3.4 6.53+ .66* 
5 0 165 32 88.3+1.9 8.88+ .82 35.0+1.6 3.20+ .24 
6 0.4 165 34 88.4+1.0 8.84+ .74 36.1+2.7 4.55+ .10* 
z 0.8 165 32 86.4+1.6 12.3 +1.01 55.0+2.5 4.73+ .37* 
8 1.6 165 35 85.6+ .9 9.19+ .83 44.0+2.1 6.03 + .32* 


* P <.01 that experimental and control values were drawn from the same population. 


(groups was consistent with our earlier observations using (2). 
When constant amount parathyroid extract was given simultaneously 
with estrone there was measurable decrease the accretion index, 
though the dose-response estrone administration was again evidenced. 

increase plasma calcium levels with parathyroid extract was evi- 
dent, observation consistent with the reports other workers who have 
found rodents relatively insensitive exogenous parathyroid extract 
this respect. Manuta, al. (4) observed plasma calcium rise rats 
given parathyroid extract, and Dawson, al. (5) made the same observa- 
tion rabbits. 

more explicitly demonstrate the relationship parathyroid effects 
and those estrone when both hormones are administered simultaneously, 
the dose response curves for groups and have been plotted 
Figure the lowest dose estrone, parathyroid extract had effect 
the accretion index, and the response estrone was the same both 
groups animals; however, the estrone dosage was raised parathyroid 
extract progressively inhibited greater proportion the estrogen-in- 
duced increase the calcium accretion index. 

Since sodium uptake bone limited ion exchange the crystal 
surface (6), distribution was employed measure the size 
exchangeable mineral pool that would essentially unaffected accre- 
tive mechanisms. Estrone administration mice did not affect plasma con- 
centration the isotope (Table but the treatment did enhance the 
amount found the tibiae. The ratio, bone 
has been calculated express single term the extent plasma and 
bone sodium exchange; and this value may considered arbitrary 
function the magnitude the exchangeable fraction bone. evi- 


dent that estrone administration significantly augmented the exchange 
bone sodium. 


DISCUSSION 


Our previous observation that estrone enhanced bone phosphate accre- 
tion (2) was confirmed and extended the results presented here that 
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Dose-response curves for estrone 
the presence absence exogenous 
parathyroid extract. The ordinate indicates 
the accretion index, 
abscissa shows the log dose estrone. The 
data are taken from Table Symbols: 
EST: estrone; PTX parathyroid extract. 


a 


INDEX 


ESTRONE DOSE 


show labeled calcium was deposited bone increased amounts the 
presence the hormone. The estrogenic effect shown both studies was 
presumably stimulate the formation new crystals promote the 
growth existing bone crystal. addition, resorptive mechanisms were 
relatively less affected the treatment that the net result the estrone 
administration was increased bone mass (7). 

One possible means which accretive mechanisms might stimulated 
increase blood flow the tissues. This indicated the notice- 
able rise the exchangeable mineral pools calcium and sodium, observa- 
tions consistent with our previous work (2). the latter case observed 
increase the bone phosphate exchangeable pool was less pronounced than 
with calcium, presumably because the greater number metabolic 


TABLE PLASMA AND BONE ESTRONE TREATED MICE 


recovered per gm. Bone 
Treatment 
Plasma Bone Plasma 
Control 7.99 6.72 .855 .019* 
Estrone mpk 7.83 .030 


Mean and standard error; treated group differs significantly from that 
they were drawn from the same population. 
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compartments other than those bone that phosphate might enter. The 
enlargement the exchangeable fractions bone estrone evidenced 
indirectly the calculation the exchangeable and fractions and 
more directly the measurement exchange bone indicates that 
estrogen treatment either increased blood flow the exchanging crystal 
surface that the hormone enhanced the permeability the capillary bed 
that the isotopes could reach the reactive crystal surfaces more easily 
(8, 9). 

The response bone parathyroid extract indicates that this hormone 
apparently had inhibitory action the laying down new bone crystal 
and the growth established bone. This agreement with the findings 
Dawson al. (5) who concluded from long term experiments with rab- 
bits and cats that parathyroid extract inhibited activity. Ob- 
viously with the accretion rate reduced, then the amount Ca* the 
non-exchangeable fraction bone would low (Fig. with resultant 
smaller fraction the labeled calcium available for resorption from this 
bone fraction. Since parathyroid extract supposedly increases resorption 
and remodeling (6), our present data result paradoxically low values for 
the per cent Ca* removed resorptive processes (Car, Fig. 1). These 
results bring light inherent error the hypothesis Bauer al. (1), 
correct assessment resorptive mechanisms depends upon being 
laid down the stable bone fraction rates equal greater than 
that observed control animals. 

apparent from these data and those others that the parathyroid 
has little direct effect upon the size the exchangeable calcium pool 
bone. the present experiments have shown exogenous parathyroid 
hormone did not affect this pool, and recently Raisz and Ham- 
mack (10) demonstrated that parathyroidectomy rats did not affect the 
amount bone calcium available for exchange. 

The observed antagonistic action between estrone and parathyroid ex- 
tract confirmation similar results described Manuta al. (4). 
These workers found estradiol brought about greater deposition 
femora rats treated with parathyroid extract than was observed 
animals treated with the extract alone. One explanation this sort 
antagonism might lie simple balancing effect between estrone stim- 
ulated and parathyroid inhibited accretive processes. this were true, 
however, then the slopes the dose-response curves (Fig. would 
parallel, which not the case. more reasonable interpretation these 
dose-response curves that estrone exerted more than single effect upon 
bone calcium metabolism. One such effect was increase the size the 
calcium exchangeable pool. second, hypothetical, system may insensi- 
tive estrone low dose but higher doses may contribute measur- 
ably the observed increase the accretion index. Since the parathyroid 
hormone has been implicated citrate metabolism bone (6, 11) one 
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might speculate that the action estrogens upon bone may some way 
promote the inclusion calcium citrate complexes into the stable phase 
bone and that the modification enzyme systems associated 
with the citric acid cycle that the antagonistic effects the hormones 
the ovary and the parathyroid are manifest. Further work outlining the 
specific sites action the estrogen-parathyroid hormone antagonism 
progress. 
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EFFECT NUTRITIONAL DEFICIENCIES HEPATIC 
INSULINASE 


Laboratory Nutrition, Department Biochemistry, Hebrew University, 
Hadassah Medical School, Jerusalem, Israel 


ABSTRACT 
The effect various types nutritional deficiency hepatic insulinase was 
examined rats. Deficiencies protein, riboflavin and pantothenic acid were 
found depress activity, whereas thiamine deficiency was without effect. 

Hepatic insulinase per gm. liver normal rats increased with increasing 
age and weight the animals. 


ECENT evidence indicates that nutritional deficiencies prolong 
intensify the action certain hormones decreasing their destruc- 
tion the liver. Normally excess estrogens the body are inactivated, 
usually esterification the liver (1). Drill and Pfeiffer (2) have shown 
that semi-starvation reduces abolishes this capacity the liver in- 
activate estrone. similar result may produced diet deficiency 
B-vitamins (3) protein (4). Hepatic destruction testosterone has been 
demonstrated diminished about one-half rats suffering from 
deficiency both niacin and tryptophan (5). normal animals, the liver 
one the main sites the physiological inactivation the antidiuretic 
hormone (6). Livers protein (7), thiamine (8) choline (9, 10) deficient 
animals, however, are much less able destroy this hormone and respond, 
therefore, water load with delayed diuretic response. 

Mirsky al. (11, 12) have recently demonstrated the occurrence 
insulinase the liver. This paper presents results experiments the 
effect nutritional conditions hepatic insulinase activity. 


METHODS 


Young white male rats pen-bred local strain) were used throughout. 

The normal diet consisted casein (vitamin-free) 18, glucose 37, cornstarch 36, 
vegetable oil and salt mixture This diet was supplemented with the 
following vitamins (mg. per 100 gm. ration): thiamine 0.2, riboflavine 0.3, pyridoxine 
0.1, pantothenate 1.6, and choline chloride 100. Each rat received 100 I.U. 
vitamin and vitamin twice weekly. experiments protein deficiency the 
diets contained and 12% casein, respectively, and correspondingly more glucose 
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and cornstarch. For production thiamine, riboflavin and acid deficiencies 
the respective vitamins were omitted from the normal diet. Furthermore, mg. galacto- 
flavin mg. the salt acid were added each kg. 
the respective vitamin-free diet. Specific signs vitamin deficiency appeared after 
weeks thiamine deficient rats, and after and 8-10 weeks rats deficient 
acid and riboflavin, respectively. Control animals received the normal diet 
offered libitum restricted amount according the quantity food consumed 
the deficient rats. 

Insulinase activity was determined described Mirsky al. (11). Its activity 
was expressed the number units insulin destroyed liver homogenate during 
minutes 37° Activity was per gm. liver and per gm. liver nitrogen. Nitro- 
gen was determined the Kjeldahl method. 


RESULTS 


The results obtained are summarized Table 

can seen, protein deficiency considerably diminishes in- 
sulinase activity. This depression most marked rats subsisting 
protein-free diet (group and less rats kept diets with reduced 
protein content (groups and 3). noteworthy that this effect mainly 
due the lack dietary protein, and less the accompanying caloric 
restriction. This conclusion was reached from experiment with rats 
offered qualitatively full diet but restricted amount about 60% 
normal (group 5), which was the approximate quantity food consumed 
voluntarily rats kept casein diet. can seen, significantly 
less insulin inactivated per gm. liver group than group 


TABLE WEIGHT AND INSULINASE ACTIVITY LIVER RATS STATES 
NUTRITIONAL DEFICIENCY 


Weight of liver _ Units insulin destroyed 


Time on 
Group Dietary conditions diet, 


weeks 


Gm. body ‘Per gm. liver liver 
weight nitrogen 


Initial Final 


-0+0.39 458+ 15.8! 
527+17.7 
535 + 16.2 
571+ 26.2 
507 + 20.5 


Protein deficiency 
6% casein 
12% casein 
% case 
18% casein, pair-fed with 2 


| 
| 
| 


Thiamine deficiency 
Control, pair-fed with 6 


Pantothenic acid deficiency 
Control, pair-fed with 8 
Control, ad libitum 


CO NO) 


Riboflavin deficiency 
Control, pair-fed with 11 


= 


P values 
1 versus <0.001 0.001 
2 versus 0.01 
3 versus 0.01 
2 versus 0.001 


6 versus 


8 versus ¢ 0.05 
8 versus 0.01 0.02 


11 versus 12 0.01 <0.001 
11 versus 13 0.01 <0.001 


Means and standard errors. 


3.9 14 5 
aa 14 
4.3 15 = 
5 4.1 23.8+2.15 726 + 66.3 7 
18 3.9 22.0+1.68 669 + 53.5 
| 12 3.1 26.6+1.56 723+48.4 
12 9 ae | 21.0+1.54 727+44.4 
13 Control, ad libitum 7 3.6 20.9+1.12 877+31.5 
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thiamine deficiency hepatic inactivation insulin similar that 
pair-fed controls (groups and 7). Livers pantothenic acid and ribo- 
flavin deficient rats, however, exhibit significantly diminished insulinase 
activity comparison both libitum pair-fed controls (groups 
13). these forms nutritional deficiency, too, the impairment mainly 
the result the vitamin deficiency per and smaller extent only that 
the concomitant diminished caloric intake. 

Table shows further, that hepatic insulinase activity libitum fed 
rats increases with increasing weight and age. Livers young animals ex- 
hibit less activity per gm. tissue than livers old rats. Liver insulinase 
was determined normal rats weighing from 250 gm. The rela- 
tionship between log. body weight and hepatic insulinase presented 
Figure The slope the regression line indicates that average increase 
log. body weight results increase 21.9 units insulin destroyed 
per gm. liver. The correlation coeficient between these variables 0.48 
and the probability that this correlation due chance alone 0.001. 
our experiments, however, results obtained with deficient animals were 
compared with simultaneously performed controls. 


DISCUSSION 


Our results show that dietary lack protein, riboflavin pantothenic 
acid leads diminished activity hepatic insulinase rats, whereas 
deficiency thiamine appears without such effect. Insulinase activ- 


36+ 


r=0,48 


GRAM LIVER 


1,9 2,0 


LOG. BODY WEIGHT 


Relation liver insulinase activity log. body weight. The straight line 
indicates the regression units insulin destroyed per gm. liver log. body weight 
normal rats. 


2,4 


UNITS INSULIN DESTROYED PER 


e 
4 30 & e 
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ity per gm. liver rats receiving qualitatively full diet, however, but 
quantitatively restricted the food intake the deficient animals, 
similar that libitum fed controls. The effect the respective nutri- 
tional deficiencies studied appears, therefore, specific and not 
due the accompanying caloric deficiency. 

The effect dietary deficiencies hepatic destruction insulin differs 
somewhat from that inactivation the antidiuretic hormone. De- 
ficiency either protein (7, 13) thiamine (8) has been demonstrated 
impair the ability the liver inactivate the hormone, whereas such 
impairment liver function involved deficiencies either riboflavin 
(10) pantothenic acid (14). 

Our results may contribute the explanation the changes carbo- 
hydrate metabolism which repeatedly have been observed nutritional 
disorders. riboflavin (15) and pantothenic acid (16) deficient rats abnor- 
mally low levels blood sugar, and riboflavin deficiency decreased 
muscle glycogen, too, have been found. ‘‘Troublesome 
following insulin tolerance test has been reported experimental panto- 
thenic acid deficiency human subjects (17). Although these findings are 
attributed adrenal insufficiency, decreased destruction circulating 
insulin appears contributing factor. severe human protein de- 
ficiency which invariably accompanied semi-starvation, hypogly- 
caemia, flat blood glucose tolerance curves increased sensitivity 
sulin have been noted (18, 19, 20, 21). Although depletion liver glycogen 
well adrenal failure may important, our results support the view 
that decreased insulinase activity may also involved. this connection 
interest that prolonged fasting reduces hepatic insulinase rats and 
mice (22). 

thiamine deficiency, however, hepatic insulinase has been found 
normal. Glucose tolerance tests performed thiamine deficient rats (23, 
24) and human subjects (25) have resulted normal unusually high and 
prolonged curves. This compatible with our finding impairment 
insulinase activity the liver. 
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RESPONSE THE THYROIDAL IODIDE PUMP AND 
THYROID WEIGHT GOITROGENS RATS FED 
LOW HIGH IODINE 


SMITH 


Department Anatomy, State University Iowa, Iowa City, 


ABSTRACT 


Rats fed diet rich iodine and killed groups days after the 
initiation goitrogenic regimens (methylmercaptoimidazole the drinking 
water propylthiouracil injected showed prompt and pro- 
gressive rise the thyroid-serum radioiodide concentration ratio (T/S) and the 
thyroidal radioiodide space; goiter developed more slowly. rats low 
iodine diet treated with the same goitrogens the initially high T/S was signifi- 
cantly diminished during the first week antithyroid treatment and even the 
thyroidal radioiodide space showed transient contraction; the goitrogenic 
effect propylthiouracil manifested itself earlier than the rats the high 
iodine diet. significant depression the T/S was achieved when rats fed the 
low iodine regimen were injected with thyrotrophin; thyroidal radioiodide 
space and thyroid size increased. The same dose hormone given rats the 
high iodine diet markedly raised the T/S and expanded the thyroidal radio- 
iodide space, but had only statistically equivocal effect thyroid weight. 
Hypophysectomized rats maintained the low iodine diet and injected with 
thyrotrophin showed high T/S values which were further enhanced short 
term treatment with the size the thyroids was not affected 
the goitrogen and their radioiodide space therefore increased the same 
extent the T/S. The paradoxical effect goitrogens the thyroidal iodide 
pump iodine deficient intact rats discussed. 


HAS been known for number years that the thyroid-serum radio- 
iodide concentration ratio (T/S) rats fed diet with adequate iodine 
content much higher the animals are chronically treated with goitro- 
gen than organic binding thyroidal iodine blocked with single dose 
propylthiouracil (PTU) (1, and others). However mice, whose T/S 
well above that rats comparable regimen, thiocarbamide-induced 
goiter formation accompanied slight (3) definite (4, drop 
the T/S. was pointed out (6) that the radioiodide the goitrous 
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the paper quoted the ratio radioiodide 0.1 ml. serum 
(t/S) was suggested measure thyroidal iodide pump activity that can more 
meaningful than the T/S when glands different size are compared. The t/S 
radioiodide space the present study both T/S and thyroidal radioiodide 
space (defined Materials and Methods) are used indices the activity the thy- 
roidal iodide pump. 


607 


608 HALMI, GRANNER, DOUGHMAN AND SMITH Volume 


mouse thyroid nevertheless substantially expands. this study investi- 
gated how antithyroid treatment varying duration affects the T/S, 
thyroidal radioiodide space and thyroid size rats whose T/S was pre- 
viously raised through prolonged feeding low iodine diet. significant 
but transient depression the T/S was encountered. one experiment 
was found accompanied contraction the thyroidal radioiodide 
space. Attempts were then made analyze the mechanism this response. 


MATERIALS AND METHODS 


Rats used this study were young adult male rats the Holtzman strain. Un- 
operated rats weighed about 200 gm. when the feeding the experimental diets was 
begun. The hypophysectomized male rats used experiment (Table were pur- 
chased from the Hormone Assay Laboratories, Chicago, IIl., and weighed gm. 
when they arrived days after the operation. 

Diets employed were the Low Iodine Test Diet Nutritional Biochemicals, Inc., 
Cleveland, Ohio, the same diet with mg. iodide (as added per kg. 
Goitrogens used were methylmercaptoimidazole gm. dissolved along with 
gm. glucose each drinking water) propylthiouracil (PTU, prepared 
aqueous suspension with gum acacia, which ml. per rat per day was injected s.c.). 
Thyrotrophin (TSH, Thytropar Armour) was injected s.c. ml. 0.9% saline. 
The rats experiment were kept their respective diets from days. MMI 
was started the 13th day feeding; the controls and the rats given MMI for day 
were killed together day and the others days later. experiment 
the low iodine diet was fed for days. The experimental animals received single in- 
jection PTU hours before they were killed day 14. experiment the feeding 
the experimental diets was continued throughout the course PTU injections which 
were started day the dietary regimen; the uninjected controls were killed that 

day, the injected rats days later. The rats experiments III and received 

the test diets for days; those experiment III were injected with 4.5 U.S.P. 
TSH day before they were killed, whereas those experiment were also given 
identical dose TSH the day before the last. experiment the rats were put the 

iodine deficient diet days after hypophysectomy and received for days. All rats 

this experiment were injected with TSH (0.67 U.S.P. u.) daily during the last days 

their lives; the animals one the two groups also were given daily injections 

PTU for the last days. 

All rats were eventually injected s.c. with PTU alkaline solution (experiment 
mg., all other experiments: mg.) minutes before the s.c. injection ue. 
carrier-free radioiodide. They were killed hr. after the administration The 
thyroids (and the testes the hypophysectomized rats) were weighed Roller-Smith 
balance and either one both lobes the thyroid were used for the determination 
the T/S the standard procedure (7). experiment IIb the completeness the in- 
hibition organic iodine formation the thyroid was checked. One lobe the control 
thyroids and those exposed PTU for days was dissolved NaOH and samples 
were counted before and after precipitation with difference activity 
was noted and this was considered evidence for essentially complete inhibition organic 
binding thyroidal iodine. 

All radioactivity determinations were performed with thin mica end-window 

Geiger-Miiller counter. 
radioiodide space was expressed the volume which thyroidal 
would distributed its concentration were the same that 
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the hypophysectomized rats the sella turcica was carefully examined for hypophy- 
sial remnants. Only rats without evident residual hypophysial tissue and with marked 
testicular atrophy were used. 


RESULTS 


The thyroids rats fed the high iodine diet showed essentially similar 
changes response MMI feeding PTU injections (Table 1): 
Thyroid enlargement was significant after days treatment with the 
antithyroid drugs; injection PTU was the more potent goitrogenic regi- 
men under the conditions the experiment. The T/S rose promptly, 
then did not change significantly while thyroid growth commenced, and 
eventually resumed its climb. The thyroidal radioiodide space expanded 
steadily. 

Rats fed the low iodine diet differed, expected, from those receiving 
the iodine supplement having thyroids almost twice large, T/S 
values about times higher and approximately times greater radio- 
iodide spaces (Tables and 2). The response these animals goitrogens 
was markedly different from that rats the high iodine diet (Table 1): 
Thyroid growth the MMI treated group paralleled that seen the 
rats given the iodine supplement and MMI, but PTU caused significant 
thyroid enlargement days. The T/S declined after the feeding 
MMI for day daily injections PTU; remained significantly 
depressed during the first week either goitrogenic regimen and returned 
initial values the end the experimental period. During the first 
days MMI administration the thyroidal radioiodide space was re- 
duced; reached initial levels days and was more than doubled 
days. The slight contraction the radioiodide space after injection 
PTU was not statistically significant and further injections led progres- 
sive enlargement the space. 

Two daily injections TSH (Table affected the thyroids rats 
the high iodine diet approximately the same way did feeding MMI 
for day, except that thyroid enlargement questionable significance 
was noted. rats receiving the low iodine diet injection 
TSH led significant thyroid growth. The goitrous response doses 
TSH was pronounced when injections PTU were administered. 
However, the unequivocal T/S-lowering effect goitrogens was not du- 
plicated with TSH rats receiving the low iodine diet, although rise the 
T/S like that produced TSH rats with high iodine intake did not 
occur either. The 2-day treatment with TSH led significant increase 
the thyroidal radioiodide space iodine deficient rats, contrast with the 
possible slight contraction this space similar rats injected with doses 
PTU. 

hypophysectomized rats fed the lew iodine diet TSH injections re- 
sulted T/S values higher than those iodine-deficient rats 
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(Table 3). Concomitant administration PTU, far from causing depres- 
sion the T/S, enhanced significantly, and since had effect 
thyroid size, caused expansion the thyroidal radio-iodide space com- 
mensurate with the rise the T/S. 


DISCUSSION 


The goitrogen-induced thyroidal changes rats fed the high iodine diet 
were orthodox nature: rise the T/S, expansion the radioiodide 
space and somewhat slower increase thyroid weight (Table 1). These 
alterations can interpreted sequels enhanced TSH production and, 
far the iodide pump concerned, also the depletion thyroidal 
organic iodine compounds (8) which are believed include hypothetical 
inhibitor the pump (9). Essentially similar were obtained when 
TSH was injected into rats the high iodine diet (Table 2). 


TABLE Errect PTU THYROID WEIGHT, T/S AND THYROIDAL RADIOIODIDE SPACE 
HYPOPHYSECTOMIZED RATS FED LOW IODINE DIET AND INJECTED WITH TSH 


Exper- TSH, PTU, No. Thyroid wt. space, Testis wt., 


imen 
rats 
no. 


Mean +standard error. 
Difference from control group not given PTU significant level confidence. 


The pituitaries rats receiving the low iodine diet probably secreted in- 
creased amounts TSH, indicated the enlarged thyroids and the 
high activity the thyroidal iodide pump (Tables and 2). The failure 
these rats respond additional TSH (Table with rise the T/S 
would keeping with the general endocrinological concept that target 
organ not very sensitive further doses hormone which has already 
acted large amounts. But the thyroids iodine deficient rats did 
react exogenous (Table TSH with weight 
gain, and indeed more rapidly than the glands rats fed the iodine-rich 
diet. This confirms earlier findings Maloof al. (10). 

The marked drop the T/S which occurred rats the low iodine 
diet during the first week treatment with goitrogens, and which the 
rats given MMI was coupled with distinct reduction the thyroidal 
radioiodide space, interesting and paradoxical effect. was abolished 
prolongation the antithyroid treatment, and may quite different 
nature from the lowering the T/S observed mice chronic 
goitrogenic regimen (4, 5). Because their greatly enlarged thyroids 
these mice have expanded thyroidal iodide spaces spite the fall the 
T/S (6). Effects short term administration goitrogens the T/S 


mg. ml. mg. 
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avery 


mice have not, however, been thus far studied, and may prove similar 
those described this paper for iodine deficient rats. 

Lipner al. (11) found mice that rebound the T/S occurs after 
the discontinuation goitrogen regimen. They suggested that 
very high levels TSH, such can assumed exist the blood dur- 
ing PTU administration, may actually depress the T/S. The transient 
drop the T/S iodine deficient rats given MMI PTU not easily 
explained such assumption. Firstly, was not seen when enough 
TSH was injected cause thyroid enlargement (Table 2). Secondly, 
have reason assume that TSH levels the blood declined when the 
T/S rose again during the continued goitrogen administration, thyroid 
enlargement proceeded apace. 

The idea that the fall the T/S iodine deficient rats goitrogens re- 
flected direct and transitory effect these drugs the iodide pump itself 
was tested giving PTU hypophysectomized rats fed the low iodine 
diet and injected with TSH (Table 3). The observation that under these 
conditions PTU further stimulated the already very active thyroidal 
iodide pump does not support the concept depression the pump 
goitrogens per se. The present studies therefore not afford explanation 
for the curious effect antithyroid agents the T/S intact rats receiv- 
ing low iodine regimen. 

interpreting the fall the T/S mice made goitrous with PTU the 
senior author (6) has envisaged the thyroidal iodide pump involving 
single iodide carrier which becomes its concentration fails 
keep with the increase thyroid mass. Such explanation obviously 
inadequate account for T/S changes which occur while thyroid size 
does not increase materially. Recent kinetic analyses radioiodide trans- 
port into the thyroid (5) have led more sophisticated models, including 
anatomically plausible but experimentally not yet verifiable three com- 
partment (blood-thyroid cell lumen) scheme. Low iodine intake was found 
enhance the unidirectional clearance iodide the thyroid, without 
much change the rate exit iodide (which may actually determined 
and inversely proportionate the rate transfer from cell lumen). 
Thiouracil treatment mice increased the unidirectional clearance some- 
what further, but enhanced the rate exit even greater extent. 
thiouracil feeding were similar nature but quanti- 
tatively much less impressive rats. Since, Wollman and Reed pointed 
out, the T/S (when the decline blood radioiodide levels slow) es- 
sentially equals the ratio unidirectional clearance and exit rate constant, 
quite conceivable that the transitory lowering the T/S.in iodine de- 
ficient rats treated with goitrogens might due disparate response 
the already high unidirectional clearance and the exit rate the treatment. 
transient drop the T/S would found, for example, the exit rate 
were augmented earlier initially greater degree than the clear- 
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ance. Even elaborate kinetic analyses may not provide unequivocal ex- 
perimental support for such hypothesis, the rate changes necessary 
give the observed effect the T/S being discouragingly small order 
magnitude, and therefore easily obscured individual variations when 
different groups animals are used determine blood and thyroid radio- 
iodide levels various time intervals (5). Serial determinations single 
rats would necessitate external counting and inaccurate for that reason. 
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ESTROGEN FACILITATION RELEASE PITUITARY 
OVULATING HORMONE THE RABBIT RESPONSE 
VAGINAL STIMULATION! 


Departments Anatomy, University California Los Angeles and Duke University, 
Durham, North Carolina, and Veterans Administration Hospital, 

Long Beach, California 


ABSTRACT 


Although naturally estrous rabbits ordinarily ovulate following coital stimu- 
lation, very few respond this manner simple mechanical stimulation the 
vagina. this regard, among others, they differ from the estrous cat which 
which readily ovulates response glass-rod stimulation the vagina. The 
present study reveals that priming the estrous rabbit with moderate dosages 
estrogen for two days the anestrous rabbit for longer period sets the stage 
for release pituitary ovulating hormone response artificial stimulation 
the vagina 40-45% the cases. The ovarian follicles, ruptured this 
response, become functional corpora lutea evidenced the decidual reaction 

uterine trauma. The ovulatory response could not evoked pseudopreg- 


nant rabbits these means. The response was blocked estrous estrogen- 
treated rabbits pentobarbital, atropine, dibenamine and reserpine. The re- 


emphasizes the facilitatory function estrogen reflexogenous ovulation 
and discusses its possible sites action rather than supporting very important 
role for vaginal stimulation among the afferent mechanisms triggered coitus. 


INTRODUCTION 


the best known the species which ordinarily require coital 

induce ovulation are the rabbit and the cat. these 
forms there strong evidence that sensory psychic stimulation accom- 
panying copulation activates the adenohypophysis via the hypothalamus 
release ovulatory surge gonadotropin (here designated ovulatory 
hormone). the estrous cat afferent stimuli from the cervix, following in- 
troduction glass rod into the vagina, are adequate initiate the ovula- 
tory reflex (1). Although there have been isolated reports partial success 
with such stimulation the rabbit (2, 3), most attempts induce ovula- 
tion the estrous rabbit simple vaginal stimulation have led nega- 
tive results (4, Markee, unpublished). the other hand, ovulation 
following sexual excitement without vaginal penetration common among 
estrous female rabbits foilowing mounting being mounted other 
estrous females. Furthermore, copulation induces ovulation spite 
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anesthesia (6) denervation (7, 8). These experiments have led 
the conclusion that the rabbit reflexogenous ovulation must ordinarily 
triggered afferent stimuli from sources other than the vagina. few 
spontaneous ovulation have been reported the rabbit (9, 10), but 
they are apparently quite rare occurrences. 

both reflexly and spontaneously ovulating forms, profound effects 
the release pituitary ovulating hormone are exerted estrogen. 
ploying the steroid short-term experiments, several authors have re- 
ported facilitation the release pituitary gonadotropin the rat 
15). Estrogen will induce ovulation the pregnant rat (14) and will ad- 
vance the time cyclic ovulation injection appropriately timed (15). 
The stimulatory facilitatory effects have been blocked drugs whose 
primary actions are considered the level the central nervous 
system, implying that estrogen may exert its ovulatory effects directly 
indirectly this level organization (16, 17). the rabbit, while low 
dosages estrogen did not lead spontaneous ovulation (18, 19), they 
have been shown facilitate ovulation response copper salts (19) 
and response the coital stimulus during pregnancy and pseudopreg- 
nancy (20). When injected for several days high dosage mg./day), 
estrogen, far from facilitating, actually blocked electrically stimulated 
ovulation (21). view these effects, became interest ascertain 
whether brief treatment with low dosages estrogen might set the stage 
for ovulation response vaginal stimulation or, under optimal condi- 
tions, even for spontaneous ovulation. The latter phenomenon considered 
briefly the present study, and will discussed more completely 
separate communication (22). 

The present study reveals that estrogen does indeed facilitate ovulation 
response vaginal stimulation and that such ovulation followed 
formation functional corpora lutea evidenced deciduoma forma- 
tion. The stimulus blocked drugs, and ineffective 
during pregnancy pseudopregnancy spite estrogen treatment. Most 
the experiments were performed Duke University more than years 
ago, and they were reported abstract form that time (23). 


METHODS 


Multiparous female rabbits mixed breeds ranging weight from kg. were 
employed. They were fed artificial diet supplemented periodically with fresh greens 
and carrots and were kept under natural lighting conditions. Before use the rabbits were 
isolated individual cages for least two weeks. Many were used more than single 
series experiments. such cases, least two weeks intervened between trials the 
first did not cause ovulation, and three weeks intervened pseudopregnancy had de- 
veloped. The experiments were conducted almost entirely during the winter and spring 
months from December June. 

Estradiol benzoate was employed the estrogen, and was dissolved peanut oil 
concentration 0.83 mg. ml. (5000 rat units). The solution was made first 
dissolving the estradiol benzoate crystals little ether, mixing with the calculated 
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final amount peanut oil and evaporating the ether oven 60° For few ex- 
periments with intravenous injection, the estrogen was dissolved similar manner 
propylene glycol. Routinely, subcutaneous injections estrogen oil dosage 
0.08 mg. were made around noon days one and two, and the artificial stimulation was 
applied the morning the third. some anestrous and pseudopregnant rabbits, 
the estrogen was administered for longer time higher dosage indicated the 
RESULTS. rabbit was considered estrus the beginning experiment 
its vaginal orifice was bright pink. 

Vaginal stimulation was effected with glass rod about mm. diameter and about 
long. The perineal region was prodded and the rod was inserted deeply into the 
vagina several times over period minutes. The rabbit was then isolated its 
cage for about hours, after which laparotomy was performed and the ovaries were 
examined for ruptured ovarian follicles. Histological preparations were made many 
the obviously ruptured follicles and all the questionable ones, and histologically 
confirmed luteinization cystic and hemorrhagic follicles was considered alternative 
positive evidence pituitary activation. 

test for luteal function limited number rabbits, uterine horn was threaded 
days after ovulation and observed for deciduoma formation days later. 

The blocking agents dibenamine chloride, atropine sulphate and 
reserpine were prepared and injected earlier studies (24, 25, 26). 


RESULTS 


rabbits reacted the artificial stimulation follows: prodding 
the hind quarters and region the vulva with glass rod induced eleva- 
tion the pelvis, and there was attempt escape avoid the stimulus; 
insertion the rod into the vagina was followed statuesque main- 
tenance the lordotic posture for period several minutes after 
removal the rod. Some the rabbits reacted more quickly and vigor- 
ously than others and, general, these were the individuals later found 
have ovulated. Fully anestrous animals avoided the stimulus, tried 
escape and refused raise their pelves. After two days treatment with 
estrogen, the initially anestrous rabbits often appeared highly estrous, 
and was difficult many cases differentiate them behaviorally from 
the estrous-estrogen treated animals. 

Many the results are summarized Table Two out highly 
estrous rabbits ovulated response the vaginal stimulus without ad- 
ministration exogenous estrogen. apparently estrous females 
treated for two days with estrogen, three ovulated without vaginal stimula- 
tion, so-called ovulation. The optimal combination 
initially estrous condition plus exogenous estrogen for two days plus vaginal 
stimulation resulted ovulation out cases. 

the groups that were initially anestrous, treatment for two days with 
estrogen often made the rabbits behaviorally estrous, but vaginal stimula- 
tion was not followed ovulation any them. After days treat- 
ment with 0.08 mg. estradiol benzoate per day, two out controls 
ovulated and out ovulated following vaginal 
stimulation. 
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TABLE EFFECT ESTROGEN THE INDUCTION OVULATION THE 
RABBIT ARTIFICIAL STIMULATION THE VAGINA 


activated) 
Pseudopregnant 


The pseudopregnant rabbits varied from days pseudopreg- 
nant. Two them, pseudopregnant for and days, had received estro- 
gen for days the time vaginal stimulation. The other pseudopreg- 
nant rabbits had received two days estrogen treatment. None ovulated. 

Four other pseudopregnant animals (not listed Table were treated 
with intravenous estrogen (0.17 mg. ml. propylene glycol) the 
seventh day after sterile matings. They were tested estrus several times 
during the next few hours but none would permit copulation. The vagina 
one was stimulated with glass rod one and one-half hours after estro- 
gen. The other three were stimulated one hour after second intravenous 
injection 0.17 mg. estrogen hours later than the first injection. They 
still would not permit copulation, and they resisted the artificial stimulus. 
None ovulated response the treatment. 

Five anestrous female rabbits were treated for consecutive days with 
0.1 ml. peanut oil subcutaneously, and none was brought estrus this 
treatment. During the next two days each received injection 0.08 
mg. estradiol benzoate s.c. daily. the third day, the mated and 
ovulated within hours. The fifth rabbit still refused permit copulation. 

Figure illustrates two stages the development corpora lutea from 
ovarian follicules ruptured following vaginal stimulation. Figure shows 
the young corpus luteum hours after glass rod stimulation estrous- 
estrogen treated animal. Figure shows corpus luteum from the other 
ovary the same animal days later (12 days after stimulation, days 
after ovulation). Figure shows section the uterus days after 
reflexly induced ovulation; the deciduoma was induced threading the 
uterus the fourth day after ovulation. Five out rabbits with uterine 
horns threaded the fourth fifth day after artificially induced ovula- 
tion supported deciduomata, implying active luteal function. 

Table summarizes the results experiments which vaginal stimula- 
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corpora lutea and uterine deciduoma following vaginal stimula- 
tion estrous, estrogen-treated rabbit. Explanation text. Magnification: 


tion was preceded treatment with anesthetic agent, pentobarbital, 
anti-adrenergic agent, dibenamine, anti-cholinergic agent, atropine 
sulfate, so-called tranquilizing agent, reserpine. the rabbits an- 
esthetized with pentobarbital, the corneal reflex remained active and the 
animals responded the vaginal stimulus tightening their abdominal 
walls and temporarily holding their breaths. Treatment with the other 
drugs was followed characteristic symptoms: miosis and temporary 
opisthotonus with dibenamine; mydriasis with atropine; and miosis, 
diarrhea and sedation with reserpine. Following any these agents each 
rabbit would respond prodding raising its pelvis, but the animals 
generally tried escape the vaginal stimulus. exception this general 
rule was one rabbit the atropine series that subsequently ovulated; re- 
mained highly estrous. None the other agents was followed even 
single ovulation response vaginal stimulation. 


DISCUSSION 


The result the present study should interpreted not representing 
support for major role played afferent stimuli from the vagina the 


TABLE EFFECT BLOCKING AGENTS THE INDUCTION OVULATION VAGINAL STIMU- 
LATION THE ESTROUS ESTROGEN-TREATED RABBIT 
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Results 
Number Dose Time between 
Blocking agent mg./kg., blocking agent Ovulated 
activated) activated 


From Table 
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copulation-ovulation reflex but rather providing further evidence for the 
facilitatory role estrogen pituitary activation. The vagina only one 
many sources afferent impulses mating, and the rabbit its 
stimulation appears only minor importance. 

The female rabbit’s natural breeding habits include very prolonged 
condition moderate estrus during which copulation, with its stimulation 
multiple afferent pathways, will activate the release pituitary ovulat- 
ing hormone. contrast, the female cat has brief periods intense estrus, 
probably indicative temporary high level endogenous estrogen, dur- 
ing which single prodding the vagina with glass rod may evoke 
behavioral afterreaction (1, 27) and induce ovulation. The ovarian 
follicles remain ovulable for only short time, and the acute estrous state 
attuned insuring copulation during this brief period. Behavioral estrus 
can induced the anestrous cat with estrogen alone, but preparation 
for reflexogenous ovulation also necessitates priming the ovary with sub- 
ovulatory dose exogenous gonadotropin, PMS (28). Exogenous estrogen 
brings the already moderately estrous rabbit condition approaching, 
but not attaining, the intense heat the naturally estrous cat. 

Vaginal stimulation induces condition pseudopregnancy the rat 
and, similarly, coitus more potent stimulus this analogous neuro- 
endocrine reflex. Ball (29) suggested that the advantage coitus over 
artificial stimulation lay merely the quantity vaginal stimulation re- 
ceived. Haterius (30) had contended that qualitative differences including 
the state sexual excitement attending coitus made the more 
potent activator the hypophysis. The present results induction 
ovulation the rabbit may interpreted consistently terms Hate- 
rius’ proposal; certainly the experimental rabbits received quantitatively 
more vaginal stimulation than ordinarily occurs coitus, the latter 
remained much more uniformly effective stimulus ovulation. Although 
impossible assess orgasm objective phenomenon experi- 
mental animals, seems not unlikely that coital stimulation more suc- 
cessful activating the pituitary because orgasm more rab- 
vits than does simple vaginal stimulation. 

processes elimination the critical sites estrogen action facili- 
tating the reflex induction ovulation have been narrowed the hypo- 
thalamus-hypophysial region. For example, although estrogen known 
act directly upon the ovary (31, 32), the ovary already sensitive 
gonadotropin during periods such pregna when exogenous estrogen 
must administered facilitate reflex ovulation (33). The dramatic 
effects estrogen the uterus and vagina cannot crucial since the 
coital stimulus effective after anesthesia denervation these organs 
(6, 8). The numerous reports depletion pituitary gonadotropin 
estrogen (11, 12, 13) might suggest that the key reaction site the adeno- 
hypophysis itself. However, estrogen-induced ovulation and even spon- 
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taneous ovulation have neurogenous component (16, 17). Moreover, the 
ability estrogen facilitiate, even the extent rendering 
such sequences reflex induction ovulation the rabbit and 
pseudopregnancy the rat (34)—processes which, though utilizing analo- 
gous nervous mechanisms, involve different pituitary hormones—suggests 
the central nervous system the critical site estrogen action these 
sequences. Flerko and (35) have made pituitary-inhibiting 
transplants ovarian tissue the rat hypothalamus, implying that the 
inhibitory effects estrogen are exerted via the nervous system. The in- 
duction sexual behavior patterns instilling sex steroids directly into 
the brain (36, 37, 38) supports this hypothesis. The localizing value such 
injections has limitations, and the procedure must combined with dis- 
crete electrical stimulating, lesioning and recording technics localize 
more sharply the important sites within the brain. 

Studies involving stimulating and lesioning methods, which prelimi- 
nary reports have appeared (39, 40) have localized two centers the rabbit 
hypothalamus. One, located the basal tuberal region, responds elec- 
trical stimulation inducing ovulation the estrogen-treated rabbit, and 
discrete lesions this area block copulation-induced ovulation. Rabbits 
with lesions this region will, however, mate given exogenous estrogen. 
The other center, the mammillary region, appears control mating be- 
havior: stimulation does not cause ovulation; lesions not cause ovarian 
atrophy; and ovulation can induced with copper acetate; yet the rabbits 
will not permit copulation even supplied with exogenous estrogen. 
would seem that estrogen must normally exerting effects both 
these sites wherever else may acting. 

the present studies, the drugs which blocked ovulation response 
vaginal stimulation also the rabbits out behavioral estrus spite 
estrogen treatment. This was probably non-specific effect, but perhaps 
change neural thresholds the behavioral may contrib- 
ute blockade reflexogenous ovulation. Atropine 
which had earlier been shown raise reticular formation arousal thresh- 
olds (41), were found block pituitary activation response electrical 
stimulation the unless the electrode reached the 
median eminence itself (40). seems probable that these pharmacological 
agents affect many regions components the nervous system simulta- 
neously rather than exerting isolated effects discrete centers. The same 
true the sex steroids, and evidence for this observation will presented 
subsequent studies involving electrical recording technics (42). 
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ABSTRACT 


(EEG) changes have been recorded from the brain 

the conscious unrestrained female rabbit following coitus and vaginal stimu- 

lation. the estrous estrogen-primed rabbit with electrodes permanently im- 
planted cortical and deep regions the brain the following sequence EEG 
changes has been observed: (1) phase sleep spindles lasting from several 
seconds half hour more, during which the rabbit appears drowsy not 
actually sleeping. (2) phase “hippocampal hyperactivity” characterized 
high amplitude synchronous EEG record from the hippocampus 
and its projections. During this period the rabbit further 
haviorally: its head the floor, ears eves almost closed, pupils con- 
tracted, heart and respiratory rates slowed, and its only other motion consisting 
twitches the eyelids and jaw movements. Following this phase, which 
lasts only few minutes, the rabbit usually stands and starts eating either food 
feces which may extracted directly from her anus. All these phases 
occur too late causally related neurogenous activation the release 
pituitary ovulating hormone. Rather, their timing suggests that they may 
themselves induced the the nervous system pituitary 
hormones released response the coital vaginal stimulus. 


DEDUCTIONS from observations with the use stimulation and 
lesioning techniques, has been possible conclude that estrogen, 
its role facilitating the release pituitary ovulating hormone, must 
exert crucial effects the hypothalamico-hypophysial region (1). Electro- 
encephalographic (EEG) recording techniques have certain advantages 
over stimulation and lesioning methods, and was hoped that multiple 
recordings changes EEG activity might give clues not only 
sites estrogen influence but also nervous pathways involved 
reflexogenous ovulation the rabbit. 

the estrous cat the EEG technique has revealed that vaginal stimula- 
tion evokes characteristic after-discharge the anterolateral hypo- 
thalamus, and around the medial forebrain bundle (2). Although cats 
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treated this way ovulated, the recordings were taken from animals sup- 
ported stereotaxic instrument and immobilized with curare an- 
esthetized with chloralosane. neither instance was possible obtain 
behavioral correlates the changes, although the unrestrained 
unanesthetized cat such stimulation followed be- 
havioral after-reaction (3). 

Techniques have recently been developed (4) for recording electrical 
activity from the depths the brain the conscious, freely moving ani- 
mal. Adaptations these methods have been employed most the 
present experiments permit analysis behavioral correlates EEG 
changes the rabbit even though this species (3) does not display the 
intricate after-reaction coitus observed the cat. 


METHODS 


Sexually mature New Zealand white rabbits weighing about kg. were employed. 
Their care, housing and feeding well the methods vaginal stimulation were 
similar those described previously (1). 

preliminary acute EEG recording experiments the rabbits were prepared under 
ether and local anesthesia, immobilized with d-tubocurarine and maintained 
stereotaxic instrument (5) respiration pump, while bracket several bipolar 
concentric electrodes was lowered pre-determined sites the brain. EEG records 
the effects vaginal stimulation were taken with 8-channel Model III Grass EEG 
instrument after recovery from the ether anesthesia. 

For recording experiments permanent bipolar concentric electrodes made 
from gauge stainless steel tubes and stainless steel cores, insulated Formvar ex- 
cept their tips, were embedded the brain. These electrodes were fixed position 
Kadon dental cement attached the calvarium and screws embedded the 
skull. Silver ball electrodes resting the dura were used for cortical The leads 
were soldered 14-place Winchester receptacle and the latter was fixed the surface 
the skull with the wires completely buried dental cement. For recording, 14-prong 
Winchester element with long wire leads was plugged into the receptacle. During re- 
cording the rabbit was free move around table the shielded recording cage, 
eat, drink, explore and even copulate with buck introduced for the 
Such “permanent” electrodes have been maintained position for over year without 
producing any appreciable tissue reaction the brain, autopsy the brains were fixed 
perfusion with 10% formalin and the precise localization the electrode tips was 
determined histologically. 

Wherever reference made estrogen priming the rabbit received 
injections 0.08 mg. estradiol benzoate oil consecutive days, the second dose 
which was given several hours before the recording experiment. Rabbits were considered 
estrous initially their vaginal orifices were bright pink. 


RESULTS 


Acute recording experiments. more than dozen anestrous rabbits from 
which acute EEG recordings were taken, vaginal stimulation with glass 
rod evoked recognizable responses other than stimulus artifacts. Simply 
priming the definitely anestrous rabbit with daily doses estrogen was 
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unsuccessful maneuver far changing the EEG response vaginal 
stimulation was concerned. 

However, initially estrous rabbits treated with the priming doses 
estrogen, definite and consistent EEG response was obtained following 
vaginal stimulation (Fig. 1). Within seconds after sec. period vagi- 
nal stimulation, the EEG changed from pattern: 
sleep spindles appeared the frontal cortex, and the areas which had char- 
acteristically showed 5/sec. synchronous rhythm the alert state as- 
sumed desynchronized activity cortex and hippocampus). The 
sleep-like EEG continued for minutes, after which was replaced 
marked pattern. Since the rabbit was under curare there was 
behavioral response. The changes were, therefore, originally called 
EEG after-reaction (6). 

Effects vaginal stimulation chronic experiments. Behavioral and KEG 
changes following vaginal stimulation were studied rabbits with per- 
manently implanted electrodes. Characteristic changes were observed 


STIM 
‘ 


2 MIN 4 MIN 7 MIN 


Effects vaginal stimulation (STIM) the EEG estrous, estrogen- 
treated rabbit immobilized with curare and maintained artificial respiration the 
stereotaxic instrument. Further explanation text. Abbreviations employed this and 
subsequent figures: APV, anterior paraventricular nucleus (thalamus) CC, corpus callo- 
sum; DHPC, dorsal hippocampus; EKG, electrocardiogram; FC, frontal cortex; LC, 
limbic cortex; LHA, lateral hypothalamic area; MM, medial mammillary nuclei; OB, 
olfactory bulb; PO, preoptic area; RET, midbrain reticular formation; SP, septum; 
VHPC, ventral hippocampus. 
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estrous estrogen-primed intact females and ovariectomized rabbits primed 
with estrogen and progesterone (7) 2). 

During vaginal stimulation (Fig. pattern appears, 
with fast desynchronized activity certain channels and synchronous 


VAGINAL STIMULATION 


'SEC. 


NOISE *HEAD ELEVATED 


MIN. 


NOISE *EAR ELEVATED 


Effects vaginal stimulation the EEG unanesthetized unrestrained 
rabbit with electrodes permanently implanted her brain. The rabbit was ovariecto- 
mized, estrogen-primed and treated with mg. progesterone, s.c., hour before vaginal 
stimulation. Explanation text. 
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theta frequency others. Within minute after vaginal stim- 
ulation (B), sleep spindles appeared the frontal cortex, and were re- 
flected other channels well. The synchronous theta activity gave way 
slow desynchronized high amplitude waves. The rabbit was behaviorally 
quiescent and apparently sleepy although not actually asleep. 

Within several minutes after the onset sleep spindles there was 
fairly sudden change what looked like hyperarousal the EEG (Fig. 
C). The channels which the arousal pattern was the 4-7/sec. theta 
rhythm now showed frequency, most marked the hippo- 
campus but detectable every channel this specimen (Fig. D). 
However, instead showing behavioral arousal the rabbit became more 
depressed: her head sank the floor; she retracted her ears and all but 
closed her eyes, the pupils which were constricted; her respiration and 
heart rate became slower, and was difficult arouse her behaviorally. 
The only noticeable movements other than breathing were some apparently 
purposeless twitches the eyelids and ears and chewing movements the 
jaws. Figure shows, different paper speeds, the transition 
from the state one relative alert- 
ness. clicking noise sufficient loudness awaken sleeping rabbit 
barely altered the EEG momentarily, after which reverted the un- 
usual pattern until louder noise succeeded arousing the rabbit. 

The atypical state which have called might better 
known the phase hippocampal hyperactivity. has been observed 
all rabbits total more than times following vaginal stimulation. 
rule could elicited only highly estrous rabbit following estro- 
gen estrogen-progesterone priming and only room without distrac- 
tions disturbances. was almost invariably preceded period 
several seconds several minutes sleep waves the frontal cortex, but 
the sleep spindles disappeared synchronously with the onset the hippo- 
hyperactivity. Among rabbits which the full-fledged EEG 
after-reaction was elicited more times response vaginal stimula- 
tion, the mean the shortest latencies per animal (between stimulation 
and hippocampal hyperactivity) was 7.5 min. with range 4-12 min. 

EEG and behavioral after-reactions coitus. illustrate the fact that the 
same type after-reaction follows coitus, the tracings Figure 
were assembled from the record the same animal the same day 
that Figure The EEG changes during copulation are suspect 
possibiy representing movement artifacts. However, after several minutes 
post-coital sniffing and exploring the rabbit settled down sleepy 
state (B), and (C) seen the transition from the phase 
hyperactivity.” The latter continues for several minutes, 
seen paper speeds and the shift behavioral arousal apparent 
The most dramatic change this transition the loss the high 
amplitude fast synchronous record the ventral hippocampus (channel 7). 
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COITUS 


MALE MOUNTS FEMALE 


MIN. 

HEAD DEPRESSED TSEC 


HEAD ELEVATED 


unanesthetized unrestrained estrogen- 


progesterone-primed ovariectomized rabbit with electrodes permanently implanted 


her brain. Same rabbit Figure reeorded 
Note the transitions into (C), and out 
Further explanation text. 


min. after progesterone treatment. 
phase hippocampal hyperactivity. 
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The EEG after-reaction coitus was recorded times rabbits. 
indicated Figure the phases and “hippocampal hyper- 
appear somewhat later post than after vaginal stimula- 
tion. Among the group mentioned above that had mean latency from 
vaginal stimulation hippocampal hyperactivity 7.5 min., there were 
rabbits which showed similar after-reactions coitus. Here the mean 
latency was min. (range 

Figure illustrates some the behavioral changes following copulation. 
few minutes after the female seen lying down, with her ears 
but her eyes partly closed. Her frontal cortex was showing sleep spindles 
this stage. The sequence was photographed several minutes later 
during the phase hippocampal hyperactivity. the head has dropped 
the floor; the ears are retracting and behavioral depression 
complete. few moments later, the rabbit has stood and ex- 
tracting pellet feces from her anus. alternative commonly seen the 
animal hurrying the food and eating ravenously for few moments. 
Subsequent observing these behavioral patterns under the specialized 
conditions the recording room, have seen them repeatedly.in female 
rabbits post coitum breeding cages the animal quarters times when 
cage-cleaning noises and other disturbances have been minimum. 


Behavior the female rabbit during and after coitus. Explanation text. 
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DISCUSSION 


For many years the female rabbit’s post-coital behavior has been con- 
sidered devoid overt after-reaction (3). the present study the be- 
havioral changes beyond the sleepy state are subtle pass unnoticed 
the absence the characteristic EEG record. The changes were 
observed first and behavioral correlates were secondarily found for the 
EEG changes, rather than vice versa, was the case the frantic after- 
reaction the cat (2, 3). 

now possible state that both the female cat (2) and the female 
rabbit reveal behavioral and EEG after-reactions coitus which are 
specific for the species. both forms the sustained nature the localized 
hyperactive EEG changes give evidence minor seizure activity. 
few rabbits definite localized hypothalamic seizures replaced the stage 
hippocampal hyperactivity. the rabbit and perhaps also the cat the 
after-reaction involves Papez’ (8) famous cir- 
finding interest because the emotional nature the trigger- 
ing mechanism. the cat was found that lesions the anterior-lateral 
region, which the after-reaction EEG activity was 
localized, eliminated further sexual behavior but did not otherwise inter- 
fere with hypothalamic control pituitary gonadotropin secretion (9). 
Localized electrical stimulation this area had not induced release 
ovulating hormone. 

Similarly, the rabbit the after-reaction occurs too late 
correlate neurogenous activation the pituitary. blocking agent must 
injected within minute post prevent the release pituitary 
ovulating hormone (10), whereas not even the sleep spindles appear this 
soon following natural mating. the time the phase hippocampal hy- 
peractivity appears (half hour more post coitum), ovulatory dose 
pituitary gonadotropin has already been discharged (11, 12). Indeed the 
time relations are such suggest that the discharged hormone might 
some way evoke the hippocampal hyperactivity: pitui- 
tary hormone the nervous system. Such-a mechanism would ob- 
vious teleological value the rabbit controlling the release pituitary 
principles under neurogenous influence. the next paper this series the 
hypothesis tested with the use purified pituitary and 
placental hormones (13). 


REFERENCES 


Physiol. 189: 145. 1957. 

P.: Res. Publ. Ass. Nerv. Ment. Dis. 20: 551. 1940. 

W.: The Waking Brain, Thomas, Springfield, 1958. 

Sawyer, H., Green: Comp. Neurol. 101: 801. 1954. 


630 SAWYER AND KAWAKAMI 


Volume 

Sawyer, H.: Physiological Triggers, 164, Bullock, ed., Amer. Physiol. 
Washington, 1957. 

W.: Arch. Neurol. and Psychiat. 38: 725. 1937. 


- 


ENCEPHALOGRAPHIC CHANGES THE RABBIT 
HORMONE ADMINISTRATION 
BRAIN 


KAWAKAMI CHARLES SAWYER? 


Department Anatomy, University California Los Angeles, and 
Veterans Administration Hospital, Long Beach, California 


ABSTRACT 


The EEG after-reaction which ordinarily follows coitus the female rabbit 
can induced “‘inhibitory-type”’ low frequency (5/sec.), low voltage 
1.0V) electrical stimulation, applied through chronically implanted electrodes 
the hypothalamus, the olfactory bulb, the septum, the hippocampus the 
amygdala. Following electrical stimulation these voltages (too low induce 
ovulation), the phase sleep spindles may start immediately, and the latency 
the stage hippocampal hyperactivity much shorter than that following 
coitus. The EEG after-reaction occurs “spontaneously” after treatment with 
placental gonadotropins, HCG and PMS, pituitary gonadotropins, and 
LTH, and neurohypophysial hormones, but the latency greater than that 
following electrical stimulation. Inasmuch the effective pituitary hormones 
are those whose release mechanisms are activated coital stimuli, the results 
are consistent with the hypothesis that the induction the post-coital after- 
reaction may mediated pituitary hormones acting back the nervous 
system. Such neuroendocrine negative feed-back mechanism might serve 
inhibit the release superfluous ovulating hormone. 


INTRODUCTION 


(KEG) and behavioral after-reaction 

coitus the female rabbit (1) usually occurs from minutes after 
the male ejaculates. Inasmuch blocking agents must administered 
within minute prevent the post-coital pituitary ovulating 
hormone (2, 3), seems unlikely that the delayed EEG changes the 
after-reaction represent electrical correlates neurogenous activation 
the adenohypophysis. known that within hour post coitum sufficient 
ovulating hormone has been released induce ovulation (4, 17). The 
possibility suggested itself that the after-reaction might represent be- 
havioral and correlates the ‘‘feed-back”’ ovulating hormone 
the nervous system. The present experiments were undertaken investi- 
gate this possibility. 
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the course the experiments performed with electrodes permanently 
implanted the brain, electrical stimulation variety parameters was 
applied many subcortical regions. The purpose was find nerve thresh- 
olds susceptible alteration hormones, and the successful outcome 
this quest reported another paper (6). The discovery that im- 
mediate concern the present study that low frequency stimulation 
the hypothalamus was followed the appearance sleep 
spindles the EEG record the frontal cortex. Wondering whether this 
might develop into sleep the type reported Hess (7) whether 
full-fledged after-reaction might induced, pursued this lead and the 
results are also included the present study. 

Approaching the study similar phenomena from somewhat different 
viewpoint, Faure (8) has described olfacto-bucco-ano-genito-sexual 
syndrome rabbits which can induced stimulating the amygdala, 
the hippocampus the hypothalamus. The behavioral features include 
sniffing, licking, coprophagy and assuming copulation-like stance. The 
syndrome can evoked administration human chorionic gonado- 
tropin (HCG), equine gonadotropin oxytocin. The behavioral 
and EEG changes observed the present study will compared with 
those described Faure, well the syndromes 
Hess (7) and the ‘‘arrest Hunter and Jasper (9), which were 
also evoked direct electrical stimulation the brain. 


METHODS 


Large kg.) New Zealand white rabbits were used this study. Food and housing 
conditions and the methods implanting electrodes were the same those described 
previously (10, 1). Electrical stimuli were applied with Grass S-4 stimulator and isola- 
tion unit, and after preliminary experimentation they were standardized 0.5 msec. 
rectangular waves delivered frequency 5/sec. for sec. switching device made 
possible record the EEG from the stimulation site immediately after the stimulus 
was terminated. The EEG’s other sites the brain were recorded before, during and 
after stimulation. Stimulation and recording sites were confirmed histologically. 

The hormone preparations employed were follows: human gonadotropin 
(HCG): Follutein equine gonadotropin Equinex luteinizing 
hormone (LH): Armour’s LH, Lot #R377279; follicle stimulating hormone (FSH): 
Armour’s FSH, Lot #R377201; lactogenic hormone (LTH): Armour’s prolactin prep- 
aration LTH-P Lot #P10011; growth hormone (STH): Armour’s preparation Lot 
#R491137; thyrotropic hormone (TSH): Armour’s Thytropar; adrenocorticotropic 
hormone (ACTH): Armour’s Acthar, Lot #160912; oxytocin: Parke-Davis Pitocin; 
vasopressin: Parke-Davis Pitressin; epinephinre: Parke-Davis Adrenalin chloride 
Winthrop Suprarenin bitartrate; estrogen: estradiol benzoate (Progynon Schering); 
and progesterone: Schering’s Proluton. 


RESULTS 


Placental gonadotropins, HCG and PMS. Ten rabbits, including intact 
females, castrate males and castrate females received HCG dosages 
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varying from I.U., i.v., total occasions. EEG after- 
reaction was induced the cases out animals. The dos- 
age was most commonly I.U. but the failures followed injection 
100 I.U., which caused generalized seizures one rabbit. The latency be- 
tween injection and the phase hippocampal hyperactivity varied from 
minutes. The average the shortest latencies among the rabbits 
which received HCG more was minutes. 

Figure illustrates typical effect HCG the EEG. this 
case the ovariectomized female rabbit was primed with estrogen, although 
such priming was not essential for the after-reaction following HCG. 
Sleep waves appeared minutes and minutes came the transition 
the phase hippocampal hyperactivity. The latter was characterized 
synchrony all regions except the preoptic area and amyg- 
dala, both which maintained low amplitude fast activity. Recovery, 


signalled the elevation the ears, shown paper speeds 
and 


ty 


EAR EAR 


tied 


2 SEC. 


Effects HCG, i.v., the EEG. Abbreviations: FC, frontal cortex; 
LC, cortex; MLF, medial longitudinal fasciculus; MPO, medial preoptic area; 


VMH, ventromedialis hypothalami; GP, pallidum; AMYG, amygdala; DHPC, dor- 
sal hippocampus. 
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Four rabbits, males and females, all castrated, were treated with 
PMS dosages ranging from 100 I.U., i.v., 300 i.p. The females 
responded these dosages with positive after-reactions. One male 
responded 200 I.U., i.p., but the other male and one female did not re- 
spond. The latency following the intravenous injection was minutes, 
but after the intraperitoneal administration was just under hour 
the case the positive responses. 

Pituitary gonadotropins. dosages ranging from Armour units, 
The exceptional rabbit had received mg. copper acetate 
intravenously prior the injection LH, i.p., and the salt may have 
interfered with the response. Most the animals reacted positively 
U., but some required more. The latencies were prolonged; among 
rabbits that gave more positive responses the mean the shortest 
latencies was min. (range 9-61). 

Eleven attempts induce the EEG after-reaction rabbits with FSH 
doses Armour units, i.p., failed, with single exception, 
achieve their goal. The exceptional case may have been delayed positive 
response from earlier electrical stimulation (see below). 

Figure shows positive after-reaction intraperitoneal ad- 
sleep spindles but not hippocampal hyperactivity. Among the interest- 
ing features the positive response are the low amplitude olfac- 
tory bulb activity during both the latter phase (C) and the sleep spindle 
period (B). When the rabbit recovered the point standing and eating 
(D), the frequency was retained certain areas but the olfactory 
bulb pattern changed dramatically back its preinjection amplitude. 

Prolactin (luteotropin—LTH) evoked the EEG after-reaction each 
rabbits including castrate male, castrate female and intact fe- 
males threshold doses I.U., The mean latency was 
min. (range min.). 

Other pituitary hormones. ACTH, STH and TSH were all tested 
limited number cases and dosages with little success evoking EEG 
after-reaction. ACTH was employed different rabbits doses from 
USP units with completely negative results. However, hypothalamic 
seizures were observed and they will investigated further. STH, dos- 
ages from mg. (Armour standard) was negative rabbits. TSH, 
dosage USP units experiments animals, gave negative re- 
sults and questionably positive: questionable that the EEG after-reac- 
tion occurred almost hours after injection estrogen-progesterone 
primed females. 

hormones. Pitocin and Pitressin both evoked the EEG 
after-reaction very readily relatively low dosages. Pitocin was effective 
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sec 


sec 


Effects intraperitoneal injections and FSH the EEG. Abbrevia- 
tions (ef. Fig. 1): OLF.B, olfactory bulb; SMA, supramammillary area; APV, para- 
ventricularis lat.; NACC, accumbens; FF, fimbria fornix; DMT, 
dialis thalami. 


dorsome- 


with mean latency min. (range min.). The other rab- 
bits were recently castrated male (threshold 500 mU.), rabbit days 
pregnant (threshold 2000 mU.) and another female recently injected with 
mg. copper acetate, i.v., (threshold 2000 mU.). Figure illustrates the 
EEG after-reaction sequence and affords opportunity compare 
natural arousal (B) with the phase hippocampal hyperactivity 
During the phase sleep spindles (C) the ear relaxed, and was retracted 
the transition Jaw movements and coprophagy were character- 
istic behavioral concomitants. 

Pitressin was effective out rabbits, also low dosage, but, where 
direct comparisons were available, took times much Pitressin 
Pitocin evoke the reaction. The mean latency was twice long the 
cases, min. (range min.). 

Epinephrine. Intravenous epinephrine doses repeatedly in- 
duced the EEG after-reaction—68 times rabbits with the mean 
the shortest latencies per animal min. (range 16). Unlike the gon- 
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MIN. 
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EATS FECES FROM ANUS 


EEG after-reaction sequence intact female rabbit after intraperitoneal 
injection 120 mU. Pitocin. Abbreviations Fig. 1): MM, mammillaris med.; 
NCT, centralis thalami; CG, central grey; PYR.C, pyriform cortex; PED, basis 
pedunculi; RF, reticular formation. 


adotropins and neurohypophysial principles, epinephrine was effective only 
the estrogen-primed intact female the estrogen-progesterone treated 
castrate, i.e., after the steroids had lowered the threshold (6). 


Electrically evoked EEG after-reaction. 


After discovering; preliminary 


experiments, that low frequency stimulation the hypothalamus was 
followed the appearance sleep spindles, observed the behavior 
these animals relative their EEG changes. Figure illustrates com- 
monly encountered behavioral sequence. The rabbit, castrated male, had 
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been treated with estrogen and progesterone, and the ventromedial region 
his hypothalamus was stimulated for sec. frequency 
with 0.1V rectangular waves 0.5 msec. Figure 
after stimulation, lay quietly with fixed gaze and with his ears 
more relaxed than usual. minutes later, was extracting fecal 
pellets from his anus and chewing them. after another minutes 
was chewing dandelions which seemed prefer over the standard 
food pellets this stage. The dandelions had been the cage unnoticed 
until after stimulation. few minutes later his head was the floor, his 
body stretched out prone, his ears depressed completely and his eyes 
closed, while his EEG pattern was one hippocampal hyperactivity. After 
minutes (E) hopped up, went immediately the food bowl and ate 
ravenously for few moments. many similar cases there appeared 
conflict whether eat sleep first, and arousing the animal ap- 
peared drive the food bowl. Eating was common sequel the 
stage hippocampal hyperactivity that one time were this 
state hyperdepression (6) ‘‘pre-eating 

The after-reaction with behavioral correlates not unlike those just 
described was evoked hundreds times some rabbits electrical 
stimulation the brain. The most commonly stimulated site was the 
basal hypothalamus near the ventromedial (VMH) nucleus, but 
equally successful stimulation has been applied the mammillary nuclei 
the lateral hypothalamic area. The latency was generally short; 
rabbits which the after-reaction was evoked repeatedly VMH stim- 
ulation the mean the shortest latencies per animal was min. (range 


Behavioral changes castrate male rabbit after stimulating the 
ventromedial nucleus the hypothalamus. Explanation text. 
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min.). The shortness latency following electrical stimulation the 
hypothalamus illustrated Figure Within seconds after stimulation 
(B) sleep spindles are seen the frontal cortex and these continue for 
min., which time the phase hippocampal hyperactivity starts. 
The latter continues intermittently, alternating with sleep waves, for 
min. more, when the rabbit stood and started eating. comparison 
and shows the between natural arousal (F) with residual 
slower theta rhythm channels contrast the ubiquitous 
8/sec. pattern the hippocampal hyperactivity phase 

Although wide search was made throughout the brain for areas whose 
stimulation would induce the after-reaction, several the other implanted 
electrodes were stimulated, and the threshold for inducing the response 
was found higher (6) the septum, hippocampus, amygdala and 
olfactory bulb than the basal hypothalamus. Figures and illustrate 
the EEG after-reactions different rabbits, with wide variety elec- 
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EEG after-reaction sequence ovariectomized estrogen-progesterone 
primed rabbit after 30/sec. period low frequency stimulation the hypothalamus. 
Note the short latency. Abbreviations Fig. 1): SM, stria medullaris; SP, septum 
pellucidum; ML, lat.; IC, internal capsule; VHPC, ventral hippocampus; 
RET, midbrain reticular formation. 
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trode settings, following stimulation the septum (Fig. 6), and the amyg- 
dala (Fig. voltages which were successful the VMH nucleus that 
respective animal. The rabbit whose EEG record seen Figure was the 
animal whose records following copulation and vaginal stimulation were 
shown earlier (1). Attention should called the brief latency (hippo- 


Jj 


HEAD RAISED NOISE 


F 


100 pV 


EAR EAR ELEVATED 


EEG after-reaction sequence following stimulation the septum. Note 
“hippocampal hyperactivity” min. Abbreviations. APV, paraventricularis ant. 
thalami; SP, septum; CC, corpus callosum. 
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Fic. EEG after-reaction sequence following stimulation medial amygdaloid 
nuclei. LHA, lat. hypothalamic area. Other abbreviations before. 


campal hyperactivity minute) and the characteristics the transition 
into and out this phase the ensuing several minutes (Fig. 

Figure stimulation the medial amygdaloid nucleus mm. from 
ventral hippocampus) was followed generalized slowing the record, 
with sleep waves min. and the phase hippocampal hyperactivity 
min. During the latter phase (E) the amygdala showed 
rhythm superimposed the typical 8/sec. fast the other 
channels. The fast activity ended abruptly (F) the rabbit recovered and 
raised its head. Although illustrations are omitted, the hippocampus and 
olfactory bulb had EEG after-reaction thresholds low those the 
hypothalamus, septum and amygdala. quantitative study the effects 
hormones these thresholds the subject another paper (6). 


DISCUSSION 


Whether follows coitus, vaginal stimulation, administration placen- 
tal hormones, pituitary hormones electrical stimulation, the syndrome 
which are calling the maintains certain constant 
features. The most notable these are the sleep pattern, the phase 
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hyperactivity” and the bizarre feeding behavior. Certain 
aspects this total pattern have been dicussed and analyzed under other 
conditions the work Hess (7), Hunter and Jasper (9), Grastyan 
al. (11), Faure (8), Dement (12) and Richter (13). 

The well known studies Hess (7), which induced sleep 
low frequency electrical stimulation the thalamus, has been confirmed 
rats (14) and dogs (15). Perhaps more closely related the after- 
reaction Hess’ condition evoked low frequency 
stimulation the antero-lateral hypothalamus. While this state the 
cat would slump down unnatural position, and observation revealed 
miosis, hypotension, bradycardia, decrease respiratory rate, defecation, 
urination and salivation. 

syndrome similar Adynamia was described Hunter and Jasper 
(9) under the title the ‘‘arrest Low frequency stimulation 
diffuse thalamic nuclei would cause the cat becoming im- 
mobile and unresponsive usually arousing stimuli. The reaction persisted 
beyond the stimulation period ‘‘in the form after-discharge resem- 
bling very closely petit mal type seizure man, including the slight 
twitching movements about the eyes and the EEG, 
waves were commonly observed. This frequency the cat may well cor- 
respond the 8/sec. frequency encountered the rabbit during hippo- 
campal hyperactivity. The optimal recruiting frequency the cat about 
compared with the rabbit. There equal reason, then, con- 
sider part the EEG after-reaction seizure there regard the ‘‘ar- 
rest seizure. 

The low frequency stimulation required induce these 
syndromes, the recruiting frequency, appears more important than 
the site stimulated. High frequency stimulation the same sites merely 
arousal. Grastyan al. (11) have stressed the inhibitory nature 
the recruiting frequency which they consider the electrical equiv- 
alent higher inhibitory so, seizure driving this 
frequency might expected inhibitory the ‘‘arrest 
and the “EEG have been found be. 

Another interpretation the EEG after-reaction might be, since al- 
ways starts sleep pattern, that merely especially deep form 
slumber. Apparent sleep with has recently been de- 
the cat Dement (12), and Grastyan (personal communica- 
tion) has observed high amplitude synchronous activity the cat hippo- 
campus during sleep. The latter EEG pattern was associated with muscle 
twitches about the face, and was ventured that the cat might dream- 
ing. 

All the behavioral components the after-reaction, and more, 
have been described Faure (8) part his rabbit 
genito-sexual syndrome. Apparently Faure has not considered his sym- 
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drome natural sequel coitus vaginal stimulation, and has 
stressed different EEG correlates. However, its induction placental 
hormones and oxytocin well stimulation hypothalamic and 
rhinencephalic areas (albeit stimuli having somewhat different param- 
eters) identify with the EEG after-reaction. Faure has described the 
assumption copulatory stance one the behavioral components 
his syndrome. This have seen (Fig. Ref. 1), but since the rabbit was 
then the after-reaction stage hippocampal hyperactivity, which 
not duplicated during actual coitus, would consider the resemblance 
fortuitous. 

The pattern sniffing, licking and coprophagy, the resemblance which 
placentophagy has been stressed Faure (8), well the compulsive 
eating food, indicates profound involvement the appetite and feed- 
ing centers Anand and Brobeck (16). Some our rabbits were driven 
directly food during the process hypothalamic stimulation, and al- 
most all ate compulsively after the phase hippocampal hyperactivity. 
The latter might well indicate that the feeding center was being 
the seizure-like activity that phase the after-reaction. The tem- 
porary preference for specific items, e.g., feces, dandelions, placenta, may 
represent the animal’s attempt overcome vitamin deficiency, sug- 
gested Richter’s review (13), but may also represent hormonal in- 
fluence the nervous system. Such bizarre cravings are not uncommon 
during the unbalanced endocrine state pregnancy, even the human 
level (13). 

Since electrical stimulation induces the EEG after-reaction with shorter 
latency than any the hormone preparations tested, unlikely that the 
effect the electric stimulus mediated via pituitary hormones whose 
release may have caused. fact, the threshold for electrical stimulation 
the EEG after-reaction estrogen-primed rabbit far below what 
required release sufficient ovulating hormone for ovulation. would 
appear (6), and has already been suggested Faure (8), that the hor- 
mones which appear the EEG after-reaction really act permis- 
sively lowering the threshold for its electrical stimulation. may 
that this all that they do, and that the use the term 
least with respect pituitary and placental hormones, misnomer. 
which does not lower the threshold and which, itself, requires 
very low threshold effective, would more the nature 
though perhaps non-specific one. Even under optimal conditions 
the dose epinephrine which evokes the EEG after-reaction does not 
induce ovulation (unpublished observations). 

Possibly the low frequency low voltage electrical stimulation which 
evokes the EEG after-reaction but too weak stimulate release 
ovulating hormone would effective inhibiting its release. Inasmuch 
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natural EKG after-reaction part inhibitory mechanism 
whereby released pituitary hormones shut off the neural apparatus which 
induced their release. There evidence various species that all the 
many pituitary principles which regularly the after-reaction, 
LH, LTH, oxytocin, and vasopressin, are released coitus. The involve- 
ment neurohypophysial hormones might considered offering double 
protection. not surprising the HCG and PMS, with active groups 
similar LH, would able exert similar effects the central nervous 
system. FSH, TSH, STH and ACTH may lack the necessary configuration 
exert these effects. Admittedly this all highly speculative, but can 
serve working hypothesis for further experiments. 
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STIMULATORY AND INHIBITORY EFFECTS PRO- 
GESTERONE THE RELEASE PITUITARY 
OVULATING HORMONE THE RABBIT! 
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Long Beach, California 


ABSTRACT 


study the effects progesterone ovulation the rabbit reveals that 
the steroid first facilitates and subsequently inhibits the release pituitary 
ovulating hormone. Forty estrous estrogen-primed female rabbits were 
treated with mg. progesterone oil and subjected within 
hours glass-rod stimulation the vagina; them ovulated compared 
with only 2/30 controls. Mating intravenous copper acetate, within hours 
after injection progesterone, stimulated ovulation all estrous rabbits. 
few progesterone-treated females ovulated The facilitation 
appeared depend synergism progesterone with estrogen; anestrous 
animals failed respond progesterone and vaginal stimulation ovulating. 
Twenty-four hours after treatment with progesterone, initially estrous 
estrogen-primed rabbits were allowed mate; only would permit copula- 
tion and these failed ovulate. None estrogen-progesterone-treated 
females ovulated after receiving artificial vaginal stimulation under these con- 
ditions. Furthermore, estrogen-treated rabbits injected with copper ace- 
tate hours after progesterone only revealed ruptured follicles. Although 
these results confirm the classical inhibitory effect progesterone, the present 
work emphasizes that preceding this phase there period faciliation the 
ovulatory response. 


absence ovulation the mammal during pregnancy and 

pseudopregnancy generally attributed the inhibitory action 
progesterone the discharge ovulating hormone from the adenohypoph- 
ysis the so-called spontaneously ovulating forms estrous and 
menstrual cycles are interrupted, and the lower mammals usually remain 
anestrous condition. the rabbit, species which ordinarily ovulates 
after copulation, Kennedy (5) reported that even post-coital ovulation 
could prevented the prior intravenous injection extract 
cow’s corpus luteum. Makepeace al. (6, found that pure progesterone 
would block copulation-induced rupture ovarian follicles which were still 
sensitive exogenous gonadotropin, and these authors later showed that 
progesterone suppressed the post-coital depletion ovulating hormone 


Received April 27, 1959. 


Supported part Grant B1162 from the National Institutes Health. 
Fellow the Commonwealth Fund, 


644 


q 


October, 1959 


PROGESTERONE AND OVULATION 645 


from the hypophysis (8). Friedman (9) subsequently reported that, the 
rabbit, progesterone inhibited the ovulatory response administration 
copper salts. Thus the rabbit consistent with other species revealing 
inhibitory effects progesterone ovulation. 

The almost universal acceptance inhibitory role progesterone 
the release pituitary ovulating hormone has tended obscure 
growing list reports that, under certain conditions, progesterone not 
only fails inhibit ovulation but actually facilitates the discharge 
pituitary ovulating hormone. mammals stimulation ovulation 
progesterone was first observed persistent-estrous rats (10, 11). was 
later found that 5-day rats ovulation could advanced hours 
injecting progesterone late diestrus (12). Subsequent work established 
that facilitation progesterone exerted through synergistic action 
with estrogen (13), and that the nervous system involved this process 
(14). Fraps and collaborators (15, 16) have shown that progesterone 
facilitates release ovulating hormone the hen. Pfeiffer (17) reported 
that progesterone will induce ovulation monkeys during the anovula- 
tory summer months. Hansel and Trimberger (18) and Simpson (quoted 
have observed that progesterone advances the time ovulation several 
hours heifers and ewes, respectively. 

Analogous its antagonism and synergism with estrogen respect 
ovulation the action progesterone estrus and mating behavior. 
Pregnant and pseudopregnant mammals tend remain anestrous, yet 
spayed females many species cannot brought into estrus with estro- 
gen alone. Progesterone has been shown induce facilitate peak in- 
tensity estrus the guinea pig (19), rat (20), hamster (21, 22, 23), 
mouse (24) and ewe (25, 26, 27). the ewe, estrus appears the ‘‘re- 
bound”’ from progesterone treatment (27). 

The facts that certain species progesterone, depending conditions, 
can either facilitate prevent release pituitary ovulating hormone and, 
many the same species, stimulate inhibit estrous behavior, suggest 
that the ambivalent facilitating and blocking effects the steroid may 
widespread and general. The particular type response given time 
would appear depend pre-existing hormonal conditions. seemed 
possible that single injection progesterone might both stimulate and 
inhibit different phases its duration action. test this possibility 
relative ovulation, and look for facilitatory effects animal 
which inhibitory responses are well documented, the present experiments 
were undertaken the rabbit, inasmuch the timing the coital 
artificial vaginal stimulus could readily controlled this species. 

Preliminary results obtained the height the spring breeding season 
indicated that progesterone might rather consistently activate 
ovulation the rabbit (28). The results could not confirmed dur- 
ing summer, fall and winter months. The present results, also published 
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abstract some years ago (29) reveal that progesterone, synergism with 
estrogen, for few hours markedly lowers the threshold for reflex activa- 


tion the release pituitary ovulating hormone and then secondarily 
raises inhibitory levels. 


METHODS 


Multiparous female rabbits mixed breeds were employed. Conditions diet, 
were the same those described previously (30). The experiments were 
conducted almost entirely during the spring months from February June. 

was administered subcutaneously oil dosage mg. after 
few preliminary trials involving injections from mg. Estradiol was 
used when estrogen was indicated, and was administered two subcutaneous in- 
jections 0.1 mg. each hours apart. Routinely, when estrogen was precede proges- 
terone the former was given during the late afternoon days and and the proges- 
terone the morning day The rabbit was considered estrus the be- 
ginning experiment its vaginal orifice was bright pink. 

potential stimulators the release pituitary ovulating hormone the following 
were employed: (1) copulation with vigorous vasectomized buck, during which the 
degree the female’s estrous behavior was recorded; (2) artificial stimulation the 
vagina with glass rod (30) with similar observations estrous behavior; and (3) 
intravenous injection copper acetate employed earlier study (31), ml. 
solution buffered with sodium acetate. The index the release ovulating hor- 
mone was the direct observation ruptured ovarian follicles laparotomy hours 
after attempted stimulation. Histologically confirmed luteinization hemorrhagic 
cystic follicles was also accepted positive evidence pituitary activation. 


RESULTS 


Facilitation experiments. Table summarizes experiments which reveal 
facilitatory action progesterone the release pituitary ovulating 
hormone. estrous estrogen-treated rabbits injected with proges- 
terone and subjected within hours mechanical stimulation the 
vagina, ovulated, compared with 2/30 controls. Apparently the 
facilitation was result estrogen-progesterone synergism, for neither 
estrogen (line nor progesterone (line was effective without the other 
rabbits that were initially anestrous. Note the absence any inhibi- 
tory effect progesterone upon the effects coitus copper acetate in- 
jection during these first hours (lines and 7). 

Behaviorally the estrous estrogen-treated animals were highly estrous 
between and hours after progesterone. They immediately raised their 
pelves copulation response prodding the perineal region with 
glass rod, and they displayed behavioral after-reactions (34) copulation 
artificial stimulation the vagina. 

ovulation experiments. Three series controls are listed 
Table experiments which were conducted determine whether estro- 
gen and/or progesterone might induce ovulation the absence other 
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TABLE PROGESTERONE-FACILITATION OVULATION RESPONSE 
ARTIFICIAL STIMULATION THE VAGINA HOURS LATER 


Results 


Estrous 


Glass rod 27% 


Anestrous Glass rod 


stimulation. seen the table, few animals each group ovulated. 
Several the same rabbits appeared groups, and some all (Table 
2); the positive cases are special interest because their unusual 
sensitivity, either estrogen and not progesterone progesterone 
and not estrogen. 

Rabbit No. 796, one the two positive cases Group was the excep- 
tional rabbit the estrous-progesterone group Table which ovulated 
after coitus spite the prolonged action progesterone. She was also 
positive the estrous-progesterone-glass rod group Table both 
instances ovulation may well have been response the 
progesterone. Under other circumstances, this rabbit failed ovulate 
spontaneously after treatment with estrogen alone with progesterone 
preceded Dibenamine. She does not appear Group Table 

Rabbit No. 789, the other positive case Group ovulated spon- 
taneously least times during months, twice following progesterone 
alone and once following estrogen-progesterone (Group C). other 
sions, however, she failed ovulate: times response estrogen alone 
and once the estrogen-progesterone combination, once progesterone 
and once response coitus hours after progesterone (Table line 2). 
the other hand, she had ovulated the estrous-progesterone glass rod 
experiment (Table line 3); view her subsequent history, she prob- 
ably would have ovulated that instance without the vaginal stimulation. 
TABLE OVULATION ESTROGEN- AND 


PROGESTERONE-TREATED RABBITS 


From Sawyer and Markee (30). 
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TABLE 3. INHIBITION OF OVULATION IN RESPONSE TO COITUS, VAGINAL STIMULATION OR INTRA- 
VENOUS COPPER ACETATE BY 24-HOUR PRETREATMENT WITH A 
SINGLE INJECTION OF PROGESTERONE 


Number Vaginal Estradiol Proges- Stimulus Results 
condition benzoate terone hours 
rabbits initially mg. later Ovulated 


Ovulated 


The third rabbit special interest, No. 818, was the estrogen counter- 
part the other two She ovulated spontane- 
ously times months, twice after estrogen-progesterone and twice 
after estrogen alone. other occasions, though apparently estrous, she 
failed ovulate following progesterone alone. She listed once each 

Inhibition experiments. The results experiments which demonstrate 
inhibitory influence progesterone the release pituitary ovulating 
hormone are summarized Table apparent that hours after the 
subcutaneous injection mg. progesterone spontaneously estrous 
estrogen-treated rabbit the ovulatory effect coitus markedly 
inhibited. Only such females would mate, indicating that one- 
third the rabbits had been thrown out heat. the that permitted 
copulation only ovulated, suggesting that progesterone had blocked 
failure ovulation, the controls. Under similar conditions (24 
hours after progesterone) mechanical stimulation the vagina was com- 
pletely ineffective. Copper acetate, which almost 100% effective pro- 
ducing ovulation estrous estrogen-treated rabbits, was reduced 50% 
its effectiveness when injected hours after progesterone. 


DISCUSSION 


The results the present study confirm the findings earlier investiga- 
tors (6, inhibitory effects progesterone ovulation the rabbit. 
However, now apparent that the development inhibitory state 
response progesterone requires many hours and that prior the in- 


hibitory condition there period actual facilitation the ovulatory 
response. 

similar situation exists among the spontaneously ovulating species, 
making the timing injection progesterone utmost importance. For 
rat inhibits, i.e. postpones ovulation hours, whereas the same injection 
diestrus day 5-day cyclic rat facilitates, i.e. advances ovulation 
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hours (13). The rapidity with which this facilitatory action progesterone 
occurs was demonstrated experiments (14) which the steroid could 
injected effectively right the crucial hour p.m. was estimated 
that progesterone injected p.m. can facilitate ovulation per- 
mitted act somewhat more than hours, i.e. blocking agent ad- 
ministered within hours. the cow, progesterone must given certain 
number hours after the onset estrus facilitatory advancing 
ovulation (18). given too early delays estrus and ovulation (32). 

general, close parallelism exists between the effects progesterone 
ovulation and estrous behavior. For brief period progesterone 
heightens the degree estrus already moderately estrous rabbit and 
later, within hours, depresses heat state anestrus large 
percentage the animals. For the facilitation estrus and ovulation some 
degree endogenous exogenous estrogenic stimulation needed: neither 
process facilitated progesterone anestrous rabbit. Inasmuch 
occasional ovariectomized rabbit will permit copulation the absence 
exogenous estrogen (33), possible that some the rabbits that 
mated hours after progesterone without ovulating were this atypical 
state the induction psychic estrus, progesterone appears 
exert its effects directly the nervous system, for Kent and Liberman 
(23) have induced estrus the ovariectomized estrogen-treated hamster 
injecting small amounts progesterone into the lateral ventricles the 
brain. 

The steroids appear exert their facilitatory and inhibitory effects 
ovulation the level the nervous system and/or hypophysis (13, 14). 
The present experiments give basis for pursuing further the sites action 
the steroids neurophysiological methods, which have been employed 
the following study (34). 

“Spontaneous” ovulation the rabbit still appears rare phe- 
nomenon. facilitated some cases estrogen and others 
progesterone that combination the two hormones might expected 
induce ovulation more cases than either alone. Assuming that the 
steroids lower the threshold neurogenous activation the release 
ovulating hormone, one might anticipate that some animals the thresh- 
old would reach low level that psychic afferent stimuli 
might trigger the release mechanism. Since neither estrogen nor proges- 
terone readily effective anestrus likely that, the estrous female, 
the ovary producing enough the complementary hormone synergize 
with the exogenously administered steroid. Probably the proper ratio 
estrogen progesterone must exist before synergistic facilitation can occur 
(35). Such ratio appears have been achieved earlier study, 
which injections estrogen and progesterone were followed spontaneous 
ovulation 4/10 rabbits (28). least these rabbits were unusual 
cases, and they have been analyzed the present study. One ovu- 
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lated repeatedly response estrogen but not progesterone, and the 
other, progesterone but not estrogen. Both ovulated following the 
combined treatment. The seasons appear play very important role 
the frequency spontaneous ovulation (34, 36). The present study was 
largely completed during the optimal spring season. 

interest note that the primate also releases pituitary gonado- 
tropin more readily response estrogen and progesterone than 
estrogen alone (37). Changes urinary gonadotropins the human female 
also suggest that progesterone may induce release pituitary gonado- 
tropin both directly and phenomenon withdrawal (38). 
Recent studies with neuropharmacologic agents (39, 40) confirm earlier 
suggestions from reports psychogenic sterility that the nervous system 
profoundly influences ovulation the human. Therefore, perhaps 
permissible speculate that the effects estrogen and progesterone 
the human may also exerted part way the nervous system. 
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NEUROENDOCRINE CORRELATES CHANGES 
BRAIN ACTIVITY THRESHOLDS SEX 
STEROIDS AND PITUITARY 
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ABSTRACT 


neurophysiological study has been made rabbits the sex 
steroids and pituitary and placental hormones sex behavior and pituitary 
function related changes thresholds two opposing cerebral systems: 
the EEG arousal threshold involving the brain stem reticular formation (1), and 
the after-reaction threshold involving the and hypothala- 
mus the estrous estrogen-primed female rabbit, progesterone first 
lowers both thresholds for few hours and subsequently elevates them 
supranormal levels until withdrawal rebound brings them down again. The 
early phase related estrus and lowered threshold pituitary activation, 
whereas the elevated thresholds correlate with anestrus and pituitary inhibi- 
tion. Testosterone, certain pituitary and placental hormones, 
fluences and even prolonged treatment with female sex steroids affect the two 
thresholds differentially. Relating the effects thresholds behavior and 
known thresholds pituitary activation, one may conclude that changes 
are more closely related sexual behavior, whereas alterations are cor- 
related with pituitary thresholds for the release ovulating hormone. 
concluded that both the facilitatory and inhibitory effects sex steroids 
pituitary activation, well the influences behavior, are mediated 
means altered thresholds cerebral activity. 


mechanisms which steroid hormones exert their effects ani- 
mal behavior and the release pituitary hormones are poorly 
understood. Beach (1) proposed several years ago, indirect evidence, 
that the sex steroids must alter thresholds within the nervous system. 
However, recently 1957, symposium the effects steroid 
hormones the nervous system, Goldstein (2), after reviewing recent prog- 
ress Beach’s laboratory, admitted that have little information 
the relationship between hormone action and neural and 
that ‘‘not much more known about the neural-hormonal interaction 
than was known 1940.” 

pioneer attempt localize the behavioral influence steroid within 
the brain was made Kent and Liberman (3) 1949. They showed that 
sub-threshold doses progesterone induced estrous behavior the ovari- 
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ectomized estrogen-primed hamster the steroid was injected into the 
lateral cerebral ventricle. The work has been criticized not adequately 
controlled (4), but has not been refuted. More recently Fisher (5) and 
Harris, Michael and Scott (5) have effected sexual behavior rats and 
respectively, injecting tiny amounts steroids directly into the 
brain substance, doses which were ineffective when administered sys- 
temically. 

Another approach has been made Faure (7), who has described the 
influence hormones olfacto-bucco-ano-genital syndrome rab- 
bits. The behavioral manifestations have been related electroencephalo- 
graphic and sensitivity changes certain rhinencephalic nuclei. 
The after-reaction coitus the rabbit (8) resembles Faure’s syndrome 
behaviorally and electroencephalographically, and can induced 
similar manner, i.e. pituitary hormones and direct electrical stimula- 
tion the brain (9). Ishizuka al. (10) have reported changes the EEG 
activity sympathetic and parasympathetic regions the rabbit hypo- 
thalamus resulting from treatment with large doses estrogen and pro- 
gesterone, respectively. 

The biphasic effects progesterone sexual behavior and the 
threshold pituitary activation the estrous female rabbit (11) appeared 
offer unique system for study threshold changes cerebral activity 
neurophysiological methods, inasmuch changes were ob- 
served within few hours. The present work takes advantage these rela- 
tionships unanesthetized rabbits with electrodes chronically implanted 
various parts the brain, studying alterations induced sex steroids 
types neural thresholds: (a) the EEG arousal threshold direct 
stimulation the midbrain reticular formation (12), and (b) the KEG 
after-reaction threshold low frequency stimulation hypothalamic 
nuclei (9). general the threshold changes the sys- 
tems parallel each other. Where they diverge would appear that the 
arousal threshold the more closely related sexual behavior while the 
after-reaction threshold the more intimately linked pituitary activa- 
tion. Part the results have previously been referred abstracts and 
reviews 

METHODS 


Large New Zealand white rabbits, ranging weight around kg., were employed. 
Their care, the methods implanting permanent electrodes the brain and the types 
hormone preparations used have been described (8, 18). Methods assessing 
thresholds are presented below (in Results). 


RESULTS 
Characteristics EEG arousal and EEG after-reaction. Figure illus- 


trates the types EEG arousal changes the frontal and cortex 
the rabbit brain after direct electrical stimulation the reticular forma- 
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AFTER PROG. MIN. MIN. 


100 


— 


EEG records arousal (A) the frontal cortex (FC) and cortex (LC) 
stimulated electrode the midbrain reticular formation. Stimulation parameters, 
0.5 millisecond square waves, for sec. Note the induction 
and the LC. (B) EEG after-reaction sequence induced 
wg. epinephrine intravenously. Description text. This type after-reaction also 
induced stimulating hypothalamic rhinencephalic nuclei frequency 
nucleus paraventricularis anterior; SP, septum; MM, medial mammillary nuclei; 
CC, corpus callosum; VHPC, ventral hippocampus; RET, midbrain reticular formation. 


we 


tion frequency 300/sec. The lowest voltage induce this change 
promptly when the stimulating current applied for sec. known the 
arousal threshold. ordinarily slightly lower than the threshold 
behavioral arousal, during which the rabbit raises its head looks 
around. 

Figure illustrates typical EEG after-reaction, induced this case 
epinephrine after progesterone. Within minutes sleep waves 
appeared, and, minutes, the EEG which are call- 
ing the phase hippocampal hyperactivity. The first and last records 
show the differences between normal arousal and the 
phase, which the hippocampus and projections from reveal high 
amplitude 8/sec. rhythm. The after-reaction threshold the lowest 
voltage, which, application for sec. frequency 5/sec. and 
wave duration 0.5 msec., will induce the characteristic EEG after-reac- 
tion. was found many rabbits that, threshold, the sleep spindles 
the after-reaction were induced almost immediately electrical stimula- 
tion. other instances waiting period half hour was instituted be- 
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tween stimulations. mentioned later, the phenomenon can induced 
epinephrine only when the electrical threshold very low 
arousal and after-reaction are mutually antagonistic phe- 
nomena. The after-reaction manifestations, both behavioral and electro- 
encephalographic, are impossible elicit noisy, brightly lighted room. 
Conversely, when the rabbit, after-reaction, has reached the stage 
hippocampal hyperactivity, can aroused behaviorally alert con- 
dition only with great difficulty. one representative animal which re- 
peated measurements were made arousal thresholds during wakefulness 
(A), sleep (B), and the after-reaction stage hippocampal hyperactivity 
(C), the thresholds behavioral arousal (which were easier differenti- 
ate than the shift from hippocampal hyperactivity EEG arousal) were: 
stimulus the rabbit from the depths the after-reaction 
did from sleep the sleep-spindle stage the after-reaction. 
Intraventricular experiments. Influenced the findings Kent and 
Liberman (3), our first experiments tested acute preparations the effects 
progesterone injected into the lateral cerebral ventricle. The rabbits 
were immobilized with curare and maintained artificial respiration the 
stereotaxic apparatus for periods hours. The experiments were 
conducted before the techniques for stimulating the EEG after-reaction 
had been developed, and only the EEG arousal thresholds were assessed. 


ESTROGEN-PRIMED 1982 
MG) 


TIME HOURS AFTER INTRAVENTRICULAR PROGESTERONE 


EEG arousal curve acute rabbit preparation which progesterone 
oil was injected directly into the lateral cerebral ventricle. 
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EEG AROUSAL THRESHOLDS, VOLTS 


TIME HOURS AFTER PROGESTERONE 


EEG AFTERREACTION ELECTRICAL VMH Olv 0.2v 


STIM. VMH & 1.5v O5V 2.0V >30V 
THRESHOLD AMYG O iv 0.2V O.1V OSV >2Vv 


Typical biphasic threshold changes estrogen-primed ovariectomized 
rabbits following subcutaneous injection mg. progesterone oil. The data the 
bottom are the EEG after-reaction thresholds electrical stimulation the ventro- 
medial nucleus the hypothalamus (VMH) the amygdala 


progesterone experiments which the rabbit sur- 
vived hours more the illustrated Figure Within less than 
hour after the intraventricular injection 0.5 mg. progesterone 0.05 
ml. sesame oil, the arousal threshold had dropped some 30%, but 
hours had risen above the initial level. the next day was 
times high. Although these results were consistently biphasic and were 
not induced oil-injected controls, the secondary rise was suspect because 
the probable deterioration the acute preparation. Furthermore, was 
impossible obtain behavioral correlates from such animals. view 
these limitations the chronic preparation with implanted electrodes was 
adopted, and subcutaneous administration the steroid was instituted 
take advantage its wider applicability repeated experiments. 
Subcutaneous progesterone estrogen-primed rabbits. The effects pro- 
gesterone mg., s.c.) EEG arousal thresholds and related EEG after- 
reaction data representative female rabbits are summarized 
Figure avoid confusion the after-reaction threshold curves are not 
included, but they would parallel the respective arousal threshold curves 
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very closely. Related these threshold changes each rabbit was most 
highly estrous and gave the EEG after-reaction response coitus, 
vaginal stimulation and epinephrine most readily within its period 
most reduced thresholds. The duration this period was only hours 
#1988 but hours #1962. Conversely, during the periods most highly 
elevated thresholds, around hours, the rabbits were anestrous, and the 
EEG after-reaction could not elicited vaginal stimulation epi- 
nephrine. There was suggestion from the progesterone in- 
hibition rabbit #1988: hours the rabbit responded vaginal stim- 
ulation with after-reaction; its EEG arousal curve had also re- 
covered this stage. 

Figure the arousal stimuli were all applied directly the 
midbrain reticular formation. Figure shows that the thresholds arousal 
from stimulating the caudate nucleus the dorsomedial nucleus 
undergo similar changes after treatment with progesterone. The 
after-reaction threshold with the septum the stimulation site reveals 
parallel alterations. Behaviorally, addition her receptivity the 


STIM. DMT 


~ 


~B. 


STIM. CAUDATE 


AROUSAL THRESHOLDS, VOLTS 


TIME HOURS AFTER PROGESTERONE 


EEG AFTERREACTION STIM. SEPTUM, 
THRESHOLD 0025v >0.25v 


0.05 


Fig. EEG arousal threshold changes estrogen-primed female rabbit following 
progesterone mg., s.c.) treatment, and related behavioral and EEG after-reaction 
data. The arousal stimuli were applied the caudate nucleus and the dorso- 
medial nucleus the thalamus (DMT), while the after-reaction (5/sec.) stimuli were 
applied the 


~ 
~ 
: \ 
; 
/ 
\/ 
q 
4 
‘4 


658 KAWAKAMI AND SAWYER Volume 


male, this animal’s reaction toward anestrous female rabbit also 
tabulated. The positive epinephrine EEG after-reaction response 
hours the very one shown Figure 1B, and the positive responses 
coitus and vaginal stimulation were those illustrated Figures and 
earlier paper (8). The response septal stimulation this rabbit has 
also been illustrated (Fig. Ref. 9). The from progesterone 
after hours permitted positive EEG after-reaction responses vaginal 
stimulation and weakly positive response epinephrine. During their 
periods minimal thresholds after progesterone few rabbits gave 


ESTROGEN-PRIMED 
OVARIECTOMIZED 


® EEG AROUSAL THRESHOLD, VOLTS 


BEHAVIOR: ATTACKED TIME HOURS AFTER FIRST PROGESTERONE 
TO CoITUS’, + +- ++ - -- 
VAGINAL 


(STIM. VMH 0.025V 


70 


Prolonged elevation thresholds following second treatment with mg. 
progesterone hours after the first injection. Further explanation text. 


after-reaction response painful stimuli strong cabbage odor blown in- 
nostril. 

male rabbits. intact (non-castrate) vigorous 
male rabbits the estrogen-progesterone sequence had effect thresh- 
olds arousal the EEG after-reaction. both rabbits the EEG 
arousal thresholds remained the volt range throughout while the EEG 
after-reaction thresholds, stimulating the ventromedial hypothalamic 
one and the olfactory bulb the other, remained constant 
and volts, respectively. The only observable effect the female steroids 
was inhibition sexual aggressiveness. 

The second the males was castrated, and months later the estro- 
gen-progesterone treatment was repeated. this time showed biphasic 
arousal and after-reaction curves typical the intact ovariecto- 
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mized female. Within hours after progesterone the arousal threshold had 
dropped 50% and its after-reaction threshold 80%; they rose secondarily 
supranormal levels. This castrate male would still mount estrous fe- 
males prior his own estrogen treatment, after which completely lost 
interest. 

Extended treatment with progesterone. study the effects successive 
daily injections progesterone, the experiment summarized Figure 
was conducted. The results during the first day were typical those al- 
ready presented. After the second injection progesterone, hours, 
there was brief reduction EEG arousal threshold, but the curve re- 
mained above the starting level day and neither coitus nor after- 
reaction vaginal stimulation was observed. Following this brief depres- 
sion the thresholds stayed highly elevated for least additional hours 
while the rabbit remained anestrous and unresponsive vaginal stimula- 


TABLE CHANGES SEXUAL BEHAVIOR, EEG AND EEG 
REACTION THRESHOLDS DURING EARLY PREGNANCY 


| | 
EEG EEG after-reaction 
150 Anestrous 0.8V >4.0V (+) 
Oxytocin 150 mU. (—) 
500 mU. (—) 
2000 mU. (+) 


tion. The EEG after-reaction threshold changes were even greater, rela- 
tively, than the changes arousal threshold; the after-reaction was never 
actually attained after hours. 

natural experiment extended progesterone treatment was provided 
spontaneously estrous female rabbit that copulated with intact 
male while her thresholds were being studied. The behavioral and threshold 
data during early pregnancy are summarized Table Again ap- 
parent that the changes after-reaction threshold are considerably 
greater magnitude than the range arousal threshold levels. The thresh- 
old after-reaction hormonal stimulation was high 150 hours post- 
coitum: took units Pitocin evoke even brief after-reaction re- 
sponse (see below). 

Time relationships the EEG after-reaction. Figures and illustrate 
not only the relative changes EEG arousal and after-reaction thresholds 
but also the latency and the duration the phases the EEG after-reac- 
tion responses coitus, vaginal stimulation and electrical stimulation. 
apparent that the latency the spindle bursts shortest and the dura- 
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EEG AFTERREACTION 
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V-VAGINAL STIM., STIM. 


OL 


Thresholds and EEG after-reaction data during the first hours after pro- 
gesterone treatment ovariectomized estrogen-primed rabbit. Open triangles repre- 
sent unsuccessful attempts elicit the EEG after-reaction. 


tion hippocampal hyperactivity longest during the period minimal 
thresholds after progesterone. The threshold the after-reaction rela- 
tively much more depressed than the arousal threshold, and the intact 
(non-castrate) female may lowered exogenous estrogen alone (Fig. 
7). the non-ovariectomized rabbit the threshold EEG arousal also 
lowered somewhat estrogen alone, and both thresholds are depressed 
still further progesterone. the rabbits included Figures and 
the latency spindle bursts after electrical stimulation was practically zero 
throughout, but the hippocampal hyperactivity generally started earlier 
and continued somewhat longer when elicited during the period minimal 
threshods than other times. the ovariectomized rabbits coitus did not 
usually occur after treatment with estrogen alone, and the EEG arousal 
and after-reaction thresholds usually both remained relatively high until 
progesterone treatment. 

Progesterone the absence estrogen. The effects treating un- 
primed ovariectomized rabbit with progesterone alone are summarized 
Figure This rabbit, though anestrous, had initially low threshold 
EEG after-reaction, and positive response was obtained with vaginal 
stimulation prior treatment with pregesterone. Progesterone did not 
affect the arousal threshold, but within few hours had elevated 
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Thresholds and after-reaction data following estrog 
treatment intact (non-castrate) female rabbit. 
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EEG AROUSAL THRESHOLD 
(RF 300/SEC.) 
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EEG AFTERREACTION: 


EEG AROUSAL 


AFTERREACTION 


TIME HOURS AFTER PROGESTERONE 


HIPP. 
HYPERACT. 


Latency 


REFUSED 


and progesterone 


FTERREACTION 


EEG AFTERREACTION THRESHOLD 
(OLF BULB 5/SEC.) 


(OVARIECTOMIZED FEMALE RABBIT NOT PRIMED 


mized rabbit. Note the failure progesterone aione affect the 
compared with its marked effect the after-reaction threshold. 


+ 


WITH ESTROGEN) 


anestrous ovariecto- 
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VOLTS 


OVARIECTOMIZED ESTROGEN-PRIMED 
FEBRUARY 
JUNE 


EEG AROUSAL THRESHOLD 
(RF 
(VMH 


EEG AFTERREACTION THRESHOLD 


EEG AFTERREACTION: 


Fic. Arousal and after-reaction thresholds ovariectomized estrogen-treated 
rabbit during February and June. Note the low EEG after-reaction threshold Feb- 
ruary compared with June. Coital stimulation June did not evoke after-reaction. 


the after-reaction threshold several hundred per cent. hours the 
EEG after-reaction threshold was again low and this time positive after- 
reaction responses were obtained not only vaginal stimulation but also 
epinephrine and even questionable coital performance. This latter 
facilitation would appear definite instance rebound from pro- 
gesterone inhibition (19). 

Seasonal variations thresholds. Thresholds several individual rabbits 
were measured during more seasons and certain consistent changes 
were observed. Figure illustrates some these variations with data 
one ovariectomized female rabbit during late February and late June. Dur- 
ing February the arousal threshold was initially rather high, and the drop 
and subsequent rise very high levels after progesterone were both pre- 
cipitous. The EEG after-reaction threshold was very low and for some 
hours after progesterone positive response could obtained with vaginal 
stimulation. June the latter threshold was relatively high, never drop- 
ping below 0.25 and for only brief period could after-reaction 
vaginal stimulation achieved. The EEG arousal threshold was compara- 
tively low and its secondary rise took only high the initial level. 
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During the first hours after progesterone June the rabbit would mate, 
but coitus did not evoke after-reaction. Coitus was not tested during 
February this animal. the same rabbit iate November the thresh- 
olds were intermediate between the levels February and June. 

general between January and May the secondary rise after proges- 
terone took the rabbit’s arousal thresholds about 300% the initial 
high levels, whereas between June and December the secondary rises 
merely restored the initial low thresholds. the other hand, EEG after- 
reaction thresholds from February through May dropped 
gesterone) levels the range, while those from June Decem- 
ber seldom dropped below 0.5 

Effects gonadotropins and neurohypophysial hormones thresholds. All 
the preparations which induced the EEG after-reaction (9), including 
HCG, PMS, LH, LTH, oxytocin and vasopressin, lowered the threshold 
for electrical stimulation the after-reaction for few hours. Neither 
estrogen nor progesterone was necessary for the response, and there was 
little any effect the EEG arousal threshold. The EEG after-reaction 
could elicited these preparations equally well castrate males and 
females. The latter remained anestrous the absence the steroids, and 
vaginal stimulation was almost completely ineffective evoking the after- 
reaction even during the periods minimal threshold. During these pe- 
riods, both castrate males and females, epinephrine evoked the after- 
reaction response. 

Figure representative this group experiments except that the 
female rabbit was estrogen-primed and responsive coitus and vaginal 
stimulation. Shortly after treatment with HCG (100 I.U., i.v.) there 
occurred after-reaction, following which the after-reac- 
tion threshold electrical stimulation remained depressed for about 
hours. The arousal threshold was slightly lowered, effect not found 
the absence estrogen. 

Dosages the other preparations which evoked 
after-reactions and lowered the threshold were follows: PMS, 100 I.U., 
i.v., 300 i.p.; LH, Armour units, i.p.; prolactin, 
i.p.; Pitocin, 100 mU., i.p.; and Pitressin, 200 mU., i.p. the other hand, 
FSH doses Armour units, i.p., failed lower the EEG after- 
reaction threshold; indeed appeared elevate more than one in- 
stance. Similarly ACTH, dosages U., i.p., failed lower the 
threshold. 

Effects testosterone thresholds. The failure estrogen 
gesterone alter the EEG thresholds the intact male rabbit implies that 
male sex hormone may counteract the effects the female the 
nervous system. Yet testosterone has been reported maintain estrous 
behavior ovariectomized female rabbits (19). was therefore interest 
study the effects the androgen the female’s behavior and associ- 
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DMT 300/SEC. 
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AFTERREACTION THRESHOLD 


HIPP. 
HYPERACT. 


SPINDLE 


EEG AFTERREACTION 
DURATION PHASES, MIN. 


STIM. ,C-COITUS, E-ELECTRIC. STIM., S-SPONTANEOUS 


10. Effect human chorionic gonadotrophin (HCG) EEG after-reaction 
threshold. the anestrous rabbit HCG exerts similar effect the after-reaction 
threshold, but the slight depression arousal threshold and the after-reaction re- 
sponse coitus vaginal stimulation would not have occurred the absence the 
estrogen. 


ated thresholds. Two different effects were observed estrogen-primed 
ovariectomized females, depending the dosage testosterone (Fig. 11). 
With high dosage mg. testosterone propionate, s.c.), estrus was main- 
tained cases for hours more, though coitus never resulted 
after-reaction, and the EEG arousal threshold was maintained low 
level. When the arousal threshold eventually rose hours Fig. 11) 
the rabbit became anestrous (exhaustion testosterone?). similar 
animals receiving lower dosages testosterone (0.2 mg. and 2.5 mg.) 
estrous behavior was maintained only very few hours. The onset 
anestrus could correlated with sharp rise the EEG arousal threshold 
some 400% the initial value hours the impression was gained 
that the weak doses testosterone were adequate counteract the effect 
estrogen behavior but not enough maintain estrous behavior 
their own. 

the male, sex drive could not correlated with arousal thresholds. 
Four intact male rabbits were each treated with mg. testosterone pro- 
prionate and their thresholds followed for hours. none was the 
EEG arousal threshold altered, and with single exception, several dozen 
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5 MG TESTOSTERONE f 


/ 
O 25 MG TESTOSTERONE # f 
200 


EEG AROUSAL THRESHOLD % 


100 


OVARIECTOMIZED ESTROGEN-PRIMED 


TIME HOURS AFTER TESTOSTERONE 


Fig. 11. Effects high and low dosages testosterone propionate arousal thresh- 
olds and estrous behavior ovariectomized estrogen-treated rabbits. Note that coitus 
following testosterone did not evoke after-reaction. 


instances, after-reaction followed ejaculation. The effect the 
exogenous testosterone EEG after-reaction thresholds electrical stim- 
ulation was variable and unpredictable. one vigorous buck there was ap- 
parently effect; the after-reaction threshold remained high, i.e. 2-3 
two less vigorous males the KEG after-reaction threshold dropped 
the 0.1 level within hours and remained low for the next days, during 
which they would mount estrous females only haltingly not all. 
the least vigorous the four the threshold remained high for hours 
after testosterone, during which not single mounting occurred. Suddenly 
this buck’s behavior changed; became vigorous and potent and 
mounted and ejaculated repeatedly during the next hours, during 
which its EEG after-reaction threshold dropped to, and remained at, the 
low level. Equally suddenly became impotent hours, and 
its threshold rose again 


DISCUSSION 


The present results confirm quantitative electrophysiological 
method the progesterone effect proposed Sawyer and 
(11)—facilitation followed inhibition. During the early post-proges- 
terone phase, which pituitary activation facilitated, the rabbit 
estrus, and both arousal and after-reaction thresholds are depressed. Dur- 
ing the later phase, which the release pituitary hormones inhibited, 
the rabbit anestrous, and both thresholds are elevated. Both curves may 
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show facilitatory withdrawal effect, rebound lower thresholds, after 
hours. 

Pregnancy prolonged treatment with progesterone will maintain both 
thresholds elevated levels, the after-reaction threshold being relatively 
much higher than the arousal threshold. keeping with the hypothesis 
that lowered arousal thresholds correlate positively with estrus and low- 
ered after-reaction thresholds correlate with pituitary activation, 
interest that pregnant animals will occasionally mate, but not usually 
release pituitary gonadotropin response coitus (20). Thus ovulation 
prevented during pregnancy unless the after-reaction threshold lowered 
estrogen, interpretation consistent with the findings Mayer and 
Klein (21). would appear that both the facilitatory and the inhibitory 
sex steroids the adenohypophysis may mediated influ- 
ences the brain. 

close relationship between threshold pituitary activation and 
threshold the EEG after-reaction was observed the following in- 
stances which the arousal threshold was less close agreement: (1) 
Large doses testosterone, which block release ovulating hormone (22), 
elevate the after-reaction threshold while the arousal threshold main- 
tained low level and the rabbit remains heat; (2) 
ovulation estrogen-treated rabbits (23) occurs more commonly during 
winter and spring, when the after-reaction threshold especially low, 
than during summer and fall, when this threshold elevated dispro- 
portionately relative the arousal threshold. 

the other hand, sex behavior unrelated the after-reaction thresh- 
old but closely related the arousal threshold. When placental and 
pituitary hormones were administered ovariectomized rabbits un- 
treated with sex steroids, the EEG after-reaction threshold dropped but 
estrus was not achieved. The behavioral effects the sex steroids, the 
other hand, clearly point close relationship sex behavior arousal 
thresholds. Even the testosterone experiment, estrous behavior cor- 
related with lowered arousal threshold, and anestrus supervened the 
arousal threshold climbed. The higher percentage estrous rabbits dur- 
ing the spring breeding season would difficult relate absolute levels 
EEG arousal thresholds that season, but perhaps the degree 
change threshold response the steroids more important than the 
absolute level. Both the primary depression and the secondary elevation 
arousal threshold after progesterone injection are greater the spring 
than the summer and fall. 

The present results are consistent with the proposal Kent and Liber- 
man (3) that progesterone can induce estrous behavior direct action 
the brain. The influence the steroid EEG arousal threshold, 
which both stimulated and recorded via electrodes implanted the 
brain, most readily explained action the hormone the central 
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nervous system. The centrally stimulated arousal response im- 
mediate, and independent nerves, peripheral organs, fields nervous 
influence. 

When the EEG after-reaction induced electrical stimulation may 
occur too soon have been mediated pituitary hormones released 
response the electrical stimulation. Nevertheless, the electrical threshold 
subject modification pituitary hormones well the sex steroids. 
lowered thresholds, whatever process attained, either electrical 
stimulation epinephrine can trigger the mechanism, although they 
not themselves appear affect the thresholds per se. The steroids and 
pituitary hormones seem exert their effects only thresholds, but 
the latter are lowered sufficiently, triggering occurs. 
gen and progesterone, addition affecting the central mechanism (i.e. 
the threshold direct electrical st'mulation) lower the threshold pe- 
ripheral (e.g. vaginal) stimulation, feature not achieved pituitary 
placental hormones the absence estrogen. Placental gonadotropins 
and oxytocin have been reported Faure (7) lower the threshold for 
electrically evoking the syndrome, which has cer- 
tain features the KEG after-reaction. 

its broader implications the present work provides examples defi- 
nite influences hormones neurophysiological thresholds, problem 
which has long interested psychologists (1, 4). The areas the brain 
which are affected steroids are extensive suggest that the whole 
nervous system influenced primarily and localized systems integrated 
behavior secondarily. Sex steroids affect simultaneously parallel op- 
posite directions the midbrain reticular system, which probably includes 
mammillary body mating-behavior (24) and the rhinencephalic- 
hypothalamic system, which includes the basal tuberal gonadotropic 

recent essay bodily needs into behaviour” Dell 
(25) proposes that condition the brain stem reticular system 
provides non-specific excitatory state for appetitive behavior, and that 
elements the internal environment induce this condition. Consummatory 
behavior then produces changes which depress reticular activity and 
vigilance. The results the present study are consistent with this scheme 
and they suggest that, female sexual behavior the rabbit, internal 
secretions are responsible for conditioning not only the vigilant appetitive 
state but also the post-consummatory behavior, which involves rhinen- 
cephalic-hypothalamic circuit. 
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INCREASED INSULIN SENSITIVITY RATS 
WITH HYPOTHALAMIC 


Department Anatomy, State University Iowa, Iowa City, 


ABSTRACT 


Male rats bearing electrolytic lesions the hypothalamus displayed in- 
creased blood sugar fall response insulin compared with sham operated 
rats and rats with lesions other parts the brain. 


Eight rats bearing hypothalamic lesions were treated with somatotrophin 
and responded with improved insulin tolerance. Five out rats with such 
lesions showed decreased insulin sensitivity after treatment with cortisone. 

Seventy per cent the rats with hypothalamic damage and enhanced 
insulin sensitivity had regressive changes the pituitary acidophils. The in- 
cidence gonadotroph and testicular atrophy was lower. Severe adrenal re- 
gression was infrequent. Even the smallest thyroids lesion-bearing, insulin 
sensitive rats had cuboidal higher follicular epithelium, and pituitary thyro- 
trophs were normal only slightly degranulated. Some rats were examined 
for thyroidal radioiodide concentrating ability and showed impairment. 


Attempts find region which was destroyed all insulin 
sensitive rats were unsuccessful. 


The hypothesis advanced that increased insulin sensitivity rats with 
hypothalamic damage may due decrease secretion somatotrophin. 


extent which the hypothalamus affects carbohydrate metabo- 
lism, and the exact mechanisms involved, are far from clear (1). This 
study concerned with only one facet the problem, the influence the 
hypothalamus insulin sensitivity. 

Chaikoff al. (1a) found that cerebral manipulation dogs, which prob- 
ably injured the hypothalamus, enhanced their hypoglycemic response 
insulin. Ingram and Barris (2) reported that electrolytic lesions placed 
the hypothalamus cats resulted increased insulin sensitivity. The 
more effective lesions were those destroying the medial portion the 
anterior hypothalamic and preoptic areas. Cleveland and Davis (3) also 
found cats and monkeys sensitive the hypoglycemic effect insu- 
lin following hypothalamic intervention. This effect tended most 
frequently when there was injury atrophy the paraventricular and 
the periventricular nuclei (now called the periventricular system). More 
recently, exaggerated sensitivity insulin was observed (4) cats 
with diabetes insipidus due hypothalamic damage. 

These findings were not confirmed Brobeck al. (5, who, following 
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extensive reinvestigation, reported that only cats with various 
hypothalamic lesions demonstrated abnormal sensitivity insulin. 
Furthermore, they found evident correlation between the site damage 
and the enhancement insulin sensitivity. Normal insulin sensitivity was 
noted monkeys following section the pituitary stalk (7). 

Because this contradiction between findings became interested 
determining whether the insulin sensitivity rats could altered hy- 
pothalamic lesions. Since well established that removal the rat’s an- 
terior pituitary followed increased insulin sensitivity and since there 
has been increasing evidence that hypothalamic damage can impair certain 
phases anterior pituitary activity rats, was indeed logical expect 
that increased insulin sensitivity might sequel hypothalamic lesions. 

Although detailed consideration other effects dam- 
age beyond the scope this study, certain additional observations are in- 
cluded the report. 


MATERIALS AND METHODS 


Young adult male rats the Sprague-Dawley strain were used this study. 
The rats were initially maintained Rockland libitum and tap water. 
Using Kreig-Johnson stereotaxic instrument and direct current milli- 
amperes applied for seconds, electrolytic lesions were made the hypothala- 
mus and other brain regions ether-anesthetized rats. These animals were subsequently 
fed restricted diet gm. powdered Rockland feed per day order avoid the 
complicating factor hyperphagia, and animals which did not eat their allotted rations 
were discarded. Insulin sensitivity determinations were done weeks after the 
operation. the rats which were subsequently treated with hormones the first determi- 
nation insulin sensitivity was carried out postoperatively. 

Sham operations, which consisted trephining the skull, were performed other 
rats anesthetized with ether. These rats were subsequently fed the same restricted diet 
those with electrolytic brain lesions, and insulin sensitivity determinations were per- 
formed weeks after the operation. 

Eighteen rats with hypothalamic lesions received somatotrophin (STH)? 
after the first determination their insulin sensitivity. These hormones were injected 
subcutaneously once daily for period days, and the last dose was given hours 
before the injection insulin for the second determination insulin sensitivity. 
The amounts given were 0.5 mg. Armour standard equivalent STH 0.5 mg. 
cortisone daily per 100 gm. body weight. 

All insulin sensitivity determinations were done animals fasted for hours, and 
the test dose insulin‘ was intraperitoneal injection 1/10 unit per kg. body 
weight. Blood samples (0.1 ml.) were taken from the tail vein restrained, unanes- 
thetized rats just prior and 30, 45, and 165 minutes after the injection insulin. 
improve bleeding, the base the tail was infiltrated with 0.5 ml. solution 
Intracaine (Squibb). The blood sugar was determined Nelson’s modification the 
Somogyi colorimetric method (8). 


Somatotrophin was generously supplied Dr. Steelman the Armour Labo- 
ratories, Chicago, 

Cortisone (cortone acetate, Merck) was kindly contributed Dr. Winter 
the Merck Institute for Therapeutic Research, Rahway, New Jersey. 
Tletin (Lilly). This preparation contains glucagon. 
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Thyroid-serum radioiodide concentration ratios were determined the 
method VanderLaan and Greer (9) six rats with hypothalamic damage. 

The pituitaries and pancreatic tissues removed necropsy were fixed immediately, 
without weighing, 9:1 mixture SUSA fluid and saturated acid solution. 
Thyroids, adrenals, testes, seminal vesicles and ventral prostates were weighed 
torsion balance and fixed the same fluid. Brains were fixed 10% neutral formalin. 

All tissues were embedded paraffin and pituitary sections cut the horizontal 
plane and were stained with Gomori’s trichrome, aldehyde fuchsin-trichrome 
and periodic acid-Schiff and hematoxylin. 

The brains were sectioned the corona! plane and Every tenth and 
serial section was mounted and stained with toluidine blue for lesion localiza- 
tion. All other tissues were cut and stained with Gomori’s trichrome. 


RESULTS 
Effect brain lesions insulin sensitivity (Table 
The hypoglycemic response insulin animals with lesions sparing the 


hypothalamus was similar that intact and sham operated controls. 


TABLE BRAIN LESIONS INSULIN SENSITIVITY 


ee Time after insulin—minutes 
Group No. rats blood 165 mum 
. 
(mg. ‘%) Change in blood glucose—meg. % 
Controlt 23 72+2** — 142 — 8+2 —13+2 — 542 18%, 
Sham operation 13 - 754+1 — 1+1 — 6+1 —-13+1 — 4+1 17% 
Lesion not in hypothalamus 7 81+2 — 5+2 — 8+2 —12+2 — 4+3 15% 
Lesion in hypothalamus 49 77+1 —15+1 —28+1 —37+1 —21+1 48% 


| 


* Expressed as per cent of initial blood sugar value. 
** Mean + standard error. 
+ Cf. ref. (10). 


rat subjected sham operation extrahypothalamic injury showed 
maximum blood sugar fall great mg.%. 

striking contrast, all the animals with hypothalamic lesions, 
whether not they showed damage other brain regions, demonstrated 
exaggerated sensitivity the test dose insulin. rat bearing 
lesion reacted with maximum blood sugar drop less 
than mg.%. 

The maximum hypoglycemic response insulin exhibited rats bear- 
ing hypothalamic lesions was the same magnitude that found after 
ablation the pituitary adrenal glands (10). Unlike adrenalectomized 
hypophysectomized rats, however, animals with hypothalamic lesions 
displayed fasting normoglycemia and spontaneous recovery from the 
insulin-induced hypoglycemia, without convulsions developing any 
them. 


Effect somatotrophin (STH) cortisone the insulin sensitivity 
rats with hypothalamic lesions (Tables and 4). 


Rats bearing hypothalamic lesions, contrast adrenalectomized ani- 
mals (10), showed significantly ameliorated sensitivity insulin when 
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TABLE STH CORTISONE THE INSULIN SENSITIVITY 
RATS WITH HYPOTHALAMIC LESIONS 


Time after insulin—minutes 
Initial blood 
Group No. rats glucose 30 45 75 
(mg.%) 


Change in blood glucose)mg.% 


Controlt 23 
Hypoth. lesion 49 
Hypoth. lesion +cortisone 10 
Hypoth. lesion +STH 8 


- 8 
—28 
—20 
—14 


to 


aeons 
+ 1+ 1+ 1+ 

H+ 
bo 


* Expressed as per cent of initial blood sugar value. 
** Mean + standard error. 
Cf. ref. (10). 


treated with STH. contrast hypophysectomized rats (10), number 
them responded therapy with cortisone. Whereas all the animals 
treated with STH became more resistant insulin, only one-half those 
given cortisone demonstrated decreased sensitivity insulin. Four the 
animals which were cortisone-resistant also had profoundly atrophic 
gonads and accessories (Table 3). However, none the STH treated rats 
showed severely atrophic gonads (Table 4). 


Alterations anterior pituitary acidophils rats with brain lesions. 


Since the acidophilic cells the adenohypophysis are generally accepted 


the source STH, the pituitaries operated animals were studied 
for acidophil alterations. 


TABLE 3. EFFECT OF CORTISONE ON INSULIN SENSITIVITY OF INDIVIDUAL 
LESION-BEARING RATS, AND ORGAN WEIGHTS OF THESE RATS 


Blood glucose Adrenal Thyroid 

Initial Maximum Maximum weight weight weight 

level drop drop (mg.) tan ) “se ) (mg.) (mg.) 
(mg.%) (mg.%) (% 


91 61 67 
+cortisone (6)t 96 15 16 


1 
1 

2 78 47 60 
2+cortisone (6) 78 45 59 


4 3 79 34 43 
3+cortisone (8) 68 14 21 


79 33 42 
+cortisone (8) 100 35 35 


84 46 55 
+cortisone (8) 97 40 41 


5 
5 
1.6 55 67 
. 6+cortisone (9) 48 62 
7 
7+cortisone (9) 

8 

8+cortisone (9) 
9 +cortisone (9) 


-L. 10 
.. 10+cortisone (9) 


before cortisone 
. after cortisone 


* Mean + standard error. 
Days elapsed between insulin sensitivity determinations before and after treatment. 


672 
Maximum 
drop* 
48% 
33% 
25% 
H.L 462 80 54 24.0 9.4 
H.L 
; H.L 2843 273 210 40.6 8.4 
* H.I 3349 582 561 44.6 11.6 
H, 518 81 33 27.6 9.2 
H 457 73 20 36.0 10.8 
H 
H 376 55 20 34.0 7.6 
H 3568 366 418 39.8 15.6 
H 
H 3385 546 485 63.0 14.4 
H 459 100 39 54.6 9.8 
: H 71 4 6 3538 485 464 38.6 13.4 
Av 81+4 27+5 33 +7 


October, 1959 AND INSULIN SENSITIVITY 673 


Errect STH INSULIN SENSITIVITY INDIVIDUAL LESION-BEARING RATS, 
AND ORGAN WEIGHTS THESE RATS 


Gonad ™ minal Ventral Adrenal Thyroid 


Rat no. Initial Maximum Maximum weight ba weight weight 
level drop drop (mg.) (mg.) (mg.) 
(mg.%) (mg.%) (%) 
H.L. 114+STH (13)t 62 14 23 3094 429 403 44.6 43.2 
H.L. 12 67 38 57 
H.L. 12+STH (8) 61 22 36 2393 203 155 44.0 7.6 
H.L. 13 72 35 35 
H.L. 13+STH (8) 65 0(4+15 0 3175 513 26 38.4 11.6 
at 45 min.) 
H.L. 14 71 37 52 
H.L. 14+STH (11) 66 25 38 2886 477 325 42.2 14.4 
H.L. 15 78 47 60 
H.L. 15+STH (8) 73 25 34 2843 273 210 40.6 8.4 
H.L. 16 76 46 61 
H.L. 16+STH (8) 65 19 29 3005 499 483 46.0 11.2 
H.L. 17 79 34 43 
H.L. 17+STH (36) 74 18 24 3349 582 561 44.6 11.6 
H.L. 18+STH (36) 68 20 29 1436 223 88 49.2 11.2 
Avg. before STH 74+2* 41+2 54+4 
+4 


Avg. after STH 67+2 18+3 27 


* Mean + standard error. 
+ Days elapsed between insulin sensitivity determinations before and after treatment. 


Seven the glands were from rats with hypothalamus-sparing lesions, 
and none demonstrated any structural deviations from the normal picture. 

the other hand, regressive changes the acidophils were noted 
pituitaries (70%) taken from rats with hypothalamic damage (not 
including those which received STH). These alterations varied severity 
and consisted decreases size, number and/or density granulation. 
Although the degree acidophilic regression did not necessarily correlate 
closely with the severity insulin hypersensitivity, those animals with the 
greatest hypoglycemic response insulin did have the most marked 
morphologic changes. 


Effect hypothalamic lesions pancreatic structure. 


lacks, the pancreases from the rats with hypothalamic damage were 
examined for histologic changes that might indicate diminished insulin 
secretion. Normal appearing islets Langerhans, with well granulated 
alpha and beta cells, were present all them. 


Other effects hypothalamic lesions. 


Gonads and accessory glands: 


Gonads weighing less than 2500 mg. were found the rats with 
hypothalamic lesions. 


Sixteen animals, whose testicular weights ranged from 376 2393 mg., 
demonstrated hypophysectomy-like gonadal changes that the tubules 
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showed few cells beyond the primary spermatocyte stage and the inter- 
stitial cells were the deficiency type. Regression the ventral prostates 
and seminal vesicles, the degree which roughly paralleled that the 
testes, also occurred. Cryptorchid-like testicular changes were noted one 
rat, whose testes weighed 2118 mg. considerable number the tubules 
contained only spermatogonia and Sertoli cells. The Leydig cells were nor- 
mal, and the accessory sex glands were well maintained those con- 
trol animals. 

The adenohypophysial gonadotrophs the rats with the most severe 
hypophysectomy-like testicular atrophy were either extremely atrophic 
not even distinguishable. These cells showed less marked changes size, 
number and/or density granulation the animals with less severe hy- 
pophysectomy-like gonadal regression. The gonadotrophs the one rat 
with eryptorchid-like testicular atrophy were diminished size and num- 
ber one half the pituitary, but numerous and well granulated the 
other half. 

The hypophyses rats bearing hypothalamic lesions without display- 
ing testicular atrophy, sham operated animals and intact controls con- 
tained numerous, well granulated gonadotrophs and occasional castration 
cells. 

The regression adenohypophysial gonadotrophs and testes which fol- 
lowed the placement certain hypothalamic lesions was also noted 
earlier studies (11, 12). 

Thyroid: 

Thyroids were taken from rats with hypothalamic lesions. The weight 
range was 7.6 21.2 mg. (mean: 13.1). 

Histologically the acinar epithelium ranged from cuboidal low co- 
lumnar and surrounded moderately dense dilute colloid. None the thy- 
roids displayed hypophysectomy-like atrophy the follicular epithelium 
(i.e., lower than cuboidal cells). The thyroids some rats, whose 
ies contained numerous thyroidectomy cells, appeared very stimulated and 
almost devoid colloid. 

Serious curtailment thyrotrophin (TSH) production evidently did not 
occur since none the pituitaries showed complete degranulation the 
cells, although lesser degrees degranulation were observed 
several the glands examined. These findings are agreement with 
those Bogdanove al. (12). 

The thyroidal iodide concentrating mechanism was also studied rats 
with hypothalamic damage. The radio-iodide concentration 
ratio (T/S) these animals, which were killed days postopera- 
tively, averaged (S.E.) (range: 15.1 35.7). These values are 
the normal range. 

Adrenals: 


The adrenals from rats with lesions were weighed and 
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those from them, weighing between and mg., were found 
histologically comparable appearance the adrenals control animals. 

The glands the other rats showed hypophysectomy-like cortical in- 
volution that there was, primarily, atrophy the fasciculate and reticu- 
lar zones. These adrenals weighed 27.6, 25.6, 24.0 and 18.4 mg., respec- 
tively. The animals also exhibited cuboidal thyroid epithelium, severe 
gonadal regression and marked changes the pituitary acidophils and 
gonadotrophs, which suggests that they had developed panhypopituitar- 
ism. Two the rats with the small adrenals had received cortisone. How- 
ever, this treatment itself was evidently not prolonged intensive 
enough cause adrenal atrophy (Table 3). 


Lesion localization. 


detailed analysis the brain sections was made and recorded. How- 
ever, complete description the anatomical findings would make this 
paper unduly long and therefore omitted. 

The rats which did not demonstrate insulin hypersensitivity were 
found have massive bilateral lesions which involved the cerebral hem- 
ispheres (frontal and/or parietal lobes), thalamus and rostral mesen- 
cephalon alone combination, and which completely spared the hypo- 

All animals with brain damage which involved the hypothalamus 
showed enhanced hypoglycemic response insulin, and the most effec- 
tive lesions were, general, massive basal ones which extended rostro- 
caudally from the optic chiasm the pre-mammillary region. They often 
impinged laterally upon the supraoptic nuclei and fused with each other 
the midline farther caudally. Smaller lesions, some them even 
which damaged only the anterior posterior hypothalamus also resulted 
enhanced sensitivity insulin. Charting the lesions revealed re- 
gion overlap common all the lesions that had produced insulin sensi- 
tivity. 

The hypophysectomy-like gonad atrophy-resulted from large lesions 


The following protocols more detail the sites dam- 
age. 

#1: The lesion abutted the dorsal hypothalamus and extended from the columns 
the fornix through the anterior and midline nuclei the thalamus. 

#2: The antero-lateral and antero-medial thalamus, with the overlying cerebral tis- 
sue, was completely destroyed. 
#3: This lesion was similar that #2, but extended more caudally and de- 
stroyed the rostral mesencephalon. 

and #5: There was identical damage the rostral mesencephalon and all 
the thalamic nuclei within the internal medullary lamina. 

and #7: These were lesions immediately rostral the anterior commissure. 

Several the rats with unilateral lesions had hydrocephalus the third ventricle 
which may have affected the other side. 
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the region the ventromedian and arcuate nuclei. the other hand, the 
one rat with eryptorchid-like testicular changes had damage the pre- 
and anterior hypothalamic areas. quite possible that the testicu- 
lar changes this animal were due “functional cryptorchidism”’ since 
withdrawal the gonads from the scrotum has been observed rats with 
hypothalamic lesions (13). Testicular size was plotted against the maximal 
blood sugar drop response insulin rats with lesions involving the 
hypothalamus. correlation could established. 

The rats with panhypopituitarism had lesions which involved the 
median eminence. 


DISCUSSION 


Comparison our observations the effects hypothalamic lesions in- 
sulin sensitivity with those previous workers. 


The enhancement the hypoglycemic response insulin hypothal- 
amic lesions which observed agreement with the results obtained 
Ingram and Barris (2) and Cleveland and Davis (3). These investigators 
found that, cats, the most effective lesions were confined the anterior 
hypothalamic region, paraventricular nucleus and periventricular system. 
We, the other hand, could not demonstrate such localization—poste- 
rior hypothalamic lesions resulted, many cases, great sensitivity 
insulin that produced anterior hypothalamic tuberal lesions. Spe- 
cies differences may exist between cats and rats this regard. 

Brobeck al. (5, were the opinion that insulin hypersensitivity 
after hypothalamic damage may not specific sequel but rather due 
infection and inanition. cannot agree with this idea the basis 
three facts: Only animals which appeared healthy and active following 
surgical intervention were used this study. The food intake the 
lesion-bearing rats was standardized, and those animals which did not eat 
their allotted food were discarded. Recent studies (14) the insulin 
sensitivity underfed intact rats showed pattern different from that seen 
the present experimental animals, viz., higher than normal fasting 
blood sugar level and increased sensitivity insulin which remedied 
cortisone but not STH. 


Interpretation hormonal effects the insulin sensitivity rats with hypo- 
thalamic lesions. 


Previous studies (10) suggested that both corticoids and STH (or related 
anterior pituitary principles) determine the insulin sensitivity rats. Re- 
gression the pituitary acidophils was seen most our rats with hypo- 
thalamic damage and, since acidophils are generally accepted the 
source STH, were led consider the hypothesis that hypothalamic 
lesions enhanced the hypoglycemic response insulin least partially 
interfering with the secretion STH. The consistent amelioration insu- 
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lin sensitivity rats with hypothalamic lesions treated with STH con- 
sonant with this idea. Since was shown that hypophysectomized rats 
cortisone effective anti-insulin agent only when STH also injected 
(10), may that those lesion-bearing rats which failed show improved 
insulin tolerance after cortisone secreted STH, whereas those which 
benefited from cortisone suffered from only partial interference with the 
production STH. However, most the rats which did not respond 
cortisone showed more widespread pituitary involvement (see for example 
testis weights Tables and than did the rats which were treated with 
STH. cannot said with certainty that animals with such serious 
hypothalamic damage would have shown improved insulin sensitivity fol- 
lowing treatment with STH, although the fact that STH effective 
anti-insulin agent hypophysectomized rats (10) suggests that they 
would have. 

summary, rats with hypothalamic lesions demonstrated increased 
insulin sensitivity compared with control animals. This can best ex- 
plained present the hypothesis that the lesions least partially inter- 
fered with the secretion STH the anterior pituitary gland. The fact 
that some lesion-bearing rats with morphologically intact acidophils 
showed definite insulin sensitivity does not negate this idea, since acidophil 
structure and pituitary STH production fail show perfect correlation 
(15). explanation present available for the fact that hypothalamic 
lesions greatly varied location, without common anatomical denom- 
inator, all produced insulin sensitivity. Current neuroanatomical concepts 
not account for effect posterior hypothalamic lesions that fail 
impinge directly the hypothalamo-hypophysial system any function 
the anterior pituitary lobe. 
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TRYPTOPHAN INTERFERENCE WITH VITRO ACTION 
THYROXINE KIDNEY METABOLISM! 


Department Pharmacology, University Alabama Medical Center, 
Birmingham Alabama 


ABSTRACT 


Inhibition the effect thyroxine oxygen consumption rat kidney 
slices vitro was produced the addition tryptophan the incubation 
medium. study the effect tryptophan metabolites and analogs showed 
that blockade least 90% was produced L-tryptophan, p-tryptophan, 
tryptamine, kynurenine, 5-methyltryptophan, 
acid, acid, serotonin and 5-hydroxytryptophan. de- 
pression the initial rate oxygen consumption was produced many the 
compounds added. Little relationship was apparent between this effect and the 
ability the inhibit the thyroxine activity. 


HAS been shown that oxygen consumption rat kidney slices, in- 
cubated the presence thyroxine between measurements 
oxygen uptake 37° was maintained level considerably higher 
than the controls after 24, and hours (1). The thyroxine effect was 
enhanced the addition certain amino acids the incubation medium, 
with pL-alanine and producing superior results (2). Better main- 
tenance was produced thyroxine all the medium variations tried ex- 
cept when tryptophan was one the components. fact, some experi- 
ments with tryptophan showed maintenance oxygen uptake slightly 
better the absence thyroxine than its presence. Further studies have 
been made this inhibition the thyroxine effect tryptophan and 
the effect produced the addition compounds related tryptophan. 


METHODS 


Sprague-Dawley rats which had been thyroidectomized least six weeks previously 
were used, primarily males, but including few females. The animals were sacrificed 
exsanguination from the abdominal aorta while under light ether anesthesia. Both 
kidneys were quickly removed and placed into cold Krebs’ Ringer solution. Slices the 
cortex were made employing the Deutsch (3). 

Two basic media, and were em- 
ployed throughout these experiments. Enough glucose and amino acid were dissolved 
Krebs’ Ringer solution make 222 mg.% glucose and concentration the 
amino The solution was adjusted with NaOH that when 0.3 ml. control solu- 
tion (designated thyroxine solution was added 2.7 ml. the 
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medium the was 7.5+0.05. When tryptophan related compound was added, 
was dissolved either Ringer-proline-glucose Ringer-alanine-glucose solution with 
warming 50° when necessary. The concentration the tryptophan derivatives was 
made mM. The was again adjusted when necessary previously mentioned. 

solution containing 100 per ml. 0.005 NaCl 
was prepared dissolving the thyroxine 0.1 NaOH, diluting with distilled water 
and adding 10% NaCl. The control solution was 0.005 NaCl. Each 
Warburg vessel contained 2.7 ml. the appropriate medium plus 0.3 ml. either the 
thyroxine control solution. These dilutions made the final concentration glucose 
2.0 mg./ml. (11 mM). that the amino acid tryptophan derivatives and 

torsion balance was used obtain the exact weight kidney cortex slices 
mg.) which were added each vessel. The vessels were flushed with oxygen, mounted 
manometers and shaken rate per minute 37° Warburg bath. Measure- 
ments oxygen consumption were made over period one hour, allowing minutes 
for equilibration. The vessels were then removed from the manometers, again flushed 
with oxygen, capped with Parafilm and placed cold room 5°. After incubation 
for hours, the vessels were removed and treated the initial day. Measurements 
oxygen consumption were repeated each day for three days. All Qo. values are 
consumed/mg. tissue wet weight/hr. 


RESULTS AND DISCUSSION 


Changes the initial rate oxygen consumption and the thyroxine ef- 
fect produced the addition L-tryptophan the incubation medium 
are shown Figure with our previous work (2), thyroxine 
produced effect the initial Qo,. Hence, incubation results are shown 
percentages initial values. After incubation for days 5°, 
tissue with added thyroxine consumed oxygen level considerably 
higher than the controls. The thyroxine effect was pronounced even when 
tissue was incubated Ringer solution with only endogenous substrates 
present. the Ringer-proline-glucose medium, oxygen uptake the con- 
trols dropped 69% the initial level after hours, decreasing further 
22% after hours and 10% after hours. this medium; tissue 
the presence thyroxine consumed oxygen 114, 107 and 99% the 
initial level after and days, respectively. Oxygen uptake the con- 
trols Ringer-alanine-glucose was higher and hours than 
Ringer-proline-glucose but dropped the same level after hours. The 
addition thyroxine resulted maintenance the initial rate higher 
for hours but dropped 47% the initial after hours. 

Figure also shows that adding L-tryptophan the Ringer solution de- 
creased the initial rate oxygen consumption 35% and completely blocked 
the maintenance effect usually seen with thyroxine. similar reduction 
the initial rate was seen when tryptophan was added 
Ringer-alanine-glucose media, but amounted only 15% Ringer- 
proline-glucose. 

The addition L-tryptophan the media mentioned above completely 
obliterated the effect usually produced thyroxine oxygen consump- 
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RINGER RING. GLUCOSE RING. ALANINE RING. PROLINE 
GLUGOSE 
5.0 


a \ 
4 


DAYS INCUBATION 


Fig. Effects addition oxygen consumption kidney slices 
incubated various media. Bars the left show initial oxygen consumption, with stip- 
pled portions representing levels with added tryptophan. The remaining four panels 
show oxygen consumption measured 37° after and days 5°, 
expressed percentage corresponding initial values. Each plot contains results from 
the specific medium listed with the broken lines being values with added tryptophan. 
Open designate the appropriate blank vessels (Bl) and solid circles the thyroxine 


vessels Glucose concentration was 200 mg.%, and amino 
acids mM. 


tion. the presence tryptophan, maintenance oxygen uptake with 
thyroxine was higher than the controls. order evaluate this action 
tryptophan and related compounds, the thyroxine effect itself must first 
computed. shown Figure oxygen consumptions were calculated 
per cent the initial rate and differences between the control and 
thyroxine determined after 24, and hours incubation. The sum 
these differences, 219 Ringer-proline-glucose and 123 Ringer-alanine- 
glucose, can used measure the ability thyroxine maintain 
the initial rate oxygen consumption and will termed the ‘‘maintenance 
thyroxine. When addition tryptophan derivative decreased 
the previously high thyroxine value, was considered inhibiting the ac- 
tion the hormone. Since the thyroxine maintenance value varied accord- 
ing the medium used, each substance was evaluated with both alanine 
comparison the maintenance values thyroxine the four media 
previously discussed shown Figure With simple Ringer solution, 
tryptophan reduced the maintenance value from 117 —14, indicat- 
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RINGER ALANINE-GLUCOSE RINGER-PROLINE-GLUCOSE 


DAYS INCUBATION 


Method for quantitating thyroxine maintenance oxygen consumption. 
Numerals the vertical lines indicate differences per cent initial oxygen consump- 
tion between control (BI) and thyroxine vessels. Open circles designate control 
vessels and solid circles thyroxine vessels. Concentration was 
glucose 200 mg. amino acids mM. 
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VALUE 


250 


RING. GLUCOSE RING. ALAN RING. PROL. 
GLUCOSE GLUCOSE 


INCUBATION MEDIUM 


Plain bars indicate the value with added tryptophan, lined bars with added trypto- 
phan. Concentration glucose 200 mg. and amino acids 
mM, 


682 
100 100 
45 
85 
66 
89 
150 
100 
5 
TRYPT TRYPT TRYPT TRYPT 


October, 1959 


TRYPTOPHAN AND THYROXINE VITRO 683 


ing lower level maintenance with thyroxine than without, reversal 
the usual hormonal effect. Ringer-glucose the maintenance value was 
reduced from 150 and Ringer-proline-glucose from 219 demon- 
strating complete inhibition the thyroxine effect. Ringer-alanine- 
glucose the value was decreased from 123 —17, again indicating poorer 
maintenance the presence thyroxine. 

Previous results shown were obtained using tryptophan. The 
effects various concentrations tryptophan added the Ringer- 
proline-glucose medium are shown Figure Two scales were used the 
ordinates: the one the left for initial Qo, values, and the right for thy- 
roxine maintenance values. The scale units were selected bring both no- 
tryptophan columns the same height, enabling direct visualization 
the relative changes produced increasing tryptophan concentrations. 
Tryptophan 0.45 and 0.9 had effect the initial rate oxygen 
consumption the maintenance value thyroxine. The addition 
2.25 slightly depressed the maintenance value without affecting the 
initial oxygen uptake; however, higher concentrations tryptophan did 
produce depression the starting level. The initial Qo, declined from 
3.93 without tryptophan 3.60, 3.33, 3.03 and 2.60 with 4.5, 9.0, and 
tryptophan, respectively. With tryptophan levels 2.25 


MAINTENANCE 

INITIAL VALUE 

Qo, 250 


CONCENTRATION L-TRYPTOPHAN 
(MILLIMOLAR) 


increasing concentrations L-tryptophan initial oxygen con- 
sumption and maintenance value thyroxine Ringer-proline-glucose. Each plain 
bar indicates initial Qo, (read left ordinate), the lined bar thyroxine maintenance 
value (read right ordinate). Concentration glucose 200 mg. 
and proline mM, 
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higher, there was marked decrease the maintenance value thyroxine 
produced the reversal mentioned connection with Figure Thus, com- 
plete blockade the thyroxine metabolic effect was achieved with 
L-tryptophan which lowered the initial Qo, only 23%. 

When Ringer-alanine-glucose constituted the basic medium for incuba- 
tion (Fig. 5), tryptophan had effect the initial oxygen consumption 
until the level reached 4.5 mM. From control Qo, 4.35, the value 


MAINTENANCE 
0, 
125 
404 

100 

25 


Effects increasing concentrations L-tryptophan Ringer-alanine-glu- 
Each plain bar indicates initial Qo, (read left ordinate), the lined bar thyroxine 
maintenance value (read right ordinate). Concentration 
glucose 200 mg. and alanine mM. 


dropped 3.47, 2.99, 2.64 and 1.84 with 4.5, 9.0, and trypto- 
phan, respectively. previously pointed out, the initial rate oxygen 
consumption was more sharply depressed tryptophan concentrations 
above 4.5 Ringer-alanine-glucose than Ringer-proline-glucose. 
The maintenance value thyroxine decreased slightly the alanine 
medium even with the 0.45 concentration tryptophan. This block- 
ade increased with higher concentrations tryptophan until was com- 

plete between 4.5 and 9.0 mM. Concentrations 9.0 and above ap- 
peared reverse the thyroxine effect was seen the proline medium 
with tryptophan. Tissue the Ringer-alanine-glucose always ex- 
hibited greater sensitivity added tryptophan than the proline 
medium. There was some effect the maintenance value thyroxine with 
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only 0.45 tryptophan and 57% decrease with 2.25 which pro- 
duced decline only Ringer-proline-glucose. With both proline 
and alanine, changes occurred the thyroxine maintenance values 
tryptophan levels not producing any apparent effect the initial Qo.. 
Complete blockade the thyroxine effect was achieved both Ringer- 
alanine-glucose and Ringer-proline-glucose with The 
effects tryptophan derivatives all subsequent experiments were de- 
termined this concentration, even though appreciable depression 
initial metabolism alanine was produced. 

study the effects optical isomers tryptophan and two 
their N-acetyl derivatives was made. The results obtained Ringer-pro- 
line-glucose are shown Figure Addition the L-isomer produced 
15% drop the initial Qo, yet decrease was seen with the p-tryptophan. 
Irrespective the effect the initial oxygen uptake, both isomers pro- 
duced complete blockade the thyroxine maintenance effect. Neither 
nor was able achieve 
complete inhibition with the concentration used. studies 
the incubation media after three days showed that free tryptophan was 
formed from the derivatives but the extent the conversion was 
not determined. least part the effect produced these two com- 
pounds appears due the tryptophan formed and the lower ac- 


MAINTENANCE 


0, RING. PROLINE GLUCOSE + 


D-TRYPT 
RING. PROLINE 
GLUCOSE N-ACETYL 
N-ACETYL 
L-TRYPT 


Effects isomers tryptophan and N-acetyltryptophan Ringer-pro- 
line-glucose. Each plain bar indicates initial Qo, (read left ordinate), the lined bar 
thyroxine maintenance value (read right ordinate). Concentrations involved are: 
thyroxine glucose 200 mg. proline and tryptophan isomers mM. 
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tivity may well explained the lower concentrations free tryptophan 
achieved. Ringer-alanine-glucose (Fig. both isomers tryptophan 
well the racemate decreased the initial oxygen consumption approxi- 
mately 30%. All three compounds completely inhibited the thyroxine ef- 
fect with the L-isomer producing lower level maintenance the pres- 
ence thyroxine than controls. The derivatives, the pro- 
line medium, were unable completely block the maintenance effect and 
also gave rise free tryptophan. 

The results obtained the addition most the known tryptophan 
derivatives the Ringer-proline-glucose medium are arranged Figures 
and order increasing interference with the thyroxine maintenance 
effect. Several the compounds depressed the initial rate oxygen con- 
sumption, with tryptamine and indoleacetic acid causing decrease more 
than 25%. Compounds bearing the closest structural resemblance tryp- 
tophan, with the exception kynurenine, appeared most effective 
blocking the effect thyroxine. Three compounds, 5-hydroxyindoleacetic 
acid, and 5-hydroxytryptophan produced lower level 
maintenance the thyroxine vessels than the controls, indicating 
reversal similar that obtained with some concentrations L-tryptophan 
(see Fig. 4). 

The addition the same tryptophan metabolites the Ringer-alanine- 
glucose medium gave the results shown Figures and 11, again set 
order inhibiting thyroxine action. reduction the initial Qo, was 
produced all compounds studied with decrease 25% more being 
shown nicotinic acid, anthranilic acid, acid and serotonin. 
All the compounds which produced complete block the thyroxine 
effect the Ringer-proline-glucose medium also inhibited completely 
5-Hydroxytryptophan was the only compound 
give distinctly lower rate oxygen consumption with thyroxine than 
with the blank vessels. 

Indole and acid were also tried with the Ringer- 
alanine-glucose medium. Indole was highly the kidney slices 
that the initial Qo, was only 0.18. Under the conditions the experiment, 
acid was rapidly autooxidized; therefore this com- 
pound could not evaluated. 


GENERAL DISCUSSION 


Results obtained the addition tryptophan derivatives Ringer- 
alanine-glucose and Ringer-proline-glucose indicate that the effect these 
compounds the initial rate oxygen uptake not closely related the 
ability the analogs inhibit the thyroxine maintenance effect. This con- 
clusion supported results obtained the two media. Ringer- 
proline-glucose, L-tryptophan reduced the initial Qo, 15%, but 
phan did not depress all. However, both compounds were equally effec- 
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Effects isomers tryptophan and N-acetyltryptophan Ringer-alanine- 
glucose. ach plain bar indicates initial Qo, (read left ordinate), the lined bar thyrox- 
ine maintenance value (read right ordinate). Concentrations involved are: 
roxine glucose alanine and tryptophan isomers mM. 
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Effects addition tryptophan derivatives Ringer-proline-glucose. Each 
plain bar indicates initial Qo, (read left ordinate), the lined bar thyroxine maintenance 
value (read right ordinate). Concentrations were glucose 
200 mg. proline and tryptophan derivatives mM. 
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10. Effects addition tryptophan derivatives Ringer-alanine-glucose. 
Each bar indicates initial Qo, (read left ordinate), the lined bar thyroxine maintenance 
value (read right ordinate). Concentration glucose 200 
alanine and tryptcphan derivatives 
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MAINTENANCE 
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4.0 ACETIC ACID 
TRYPT 
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11. Effects addition further tryptophan derivatives Ringer-alanine- 
glucose with designations the same Fig. 10. 


tive blocking the thyroxine maintenance effect. both proline and 
alanine media some decrease the maintenance ability thyroxine was 
produced concentrations L-tryptophan insufficient reduce the 
initial oxygen consumption. Ringer-alanine-glucose, 2.25 
phan reduced the maintenance value thyroxine more than 50% without 
having any effect the initial Some compounds depressed the initial 
oxygen uptake but were unable inhibit the thyroxine maintenance effect. 
The potency compounds depressing the initial Qo, was quite different 
the two media yet the compounds completely inhibiting the thyroxine 
maintenance effect were the same both. 

reduction the initial rate oxygen consumption 25% more oc- 
curred Ringer-proline-glucose with the addition tryptamine and in- 
doleacetic acid; Ringer-alanine-glucose the substances with this action 
were acid, acid, L-tryptophan, sero- 
tonin, indoleacetic acid and The difference specificity 
reaction the tryptophan derivatives implies that the reduction the 
initial Qo, the two media may due effects different metabolic 
systems. 

examination the compounds producing complete block (90% 
better) the thyroxine maintenance effect the two media shows that 
they are identical, with there being some small differences the quantita- 
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tive ability the compounds achieve reversal. This suggests that the 
tryptophan analogs Ringer-alanine-glucose and Ringer-proline-glucose 
are acting very similar manner reduce the maintenance value 
thyroxine. 

The metabolic pathways and interconversions tryptophan derivatives 
are shown schematically Figure (4, 5). All the compounds shown, 
with the exception 3-hydroxykynurenine, were tested this study. The 
compounds which were able block least 90% the thyroxine main- 
tenance effect, except for kynurenine, are characterized intact in- 
dole nucleus. However, the inhibitory action these compounds may 
attributed the presence some feature other than the indole moiety it- 
self since and both in- 
doles, did not completely block the thyroxine maintenance effect which was 
completely inhibited kynurenine. Kynurenine formed enzymic 
processes which rupture the pyrrole portion the indole structure (6). All 
the derivatives are naturally occurring substances except 5-methyltryp- 
tophan which synthetic analog capable blocking the action tryp- 
tophan growth studies (7). 

Addition hydroxyl group C-5 appeared increase the blocking 
action the indole compounds. Serotonin (5-hydroxytryptamine) was 
slightly superior tryptamine, 5-hydroxyindoleacetic acid was better than 
indoleacetic acid and 5-hydroxytryptophan, which produced the greatest 
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effect, was better than tryptophan. substitution C-5 had little 
effect shown comparison the results obtained with 5-methyl- 
tryptophan and tryptophan. 

Change the side-chain C-3 from alanine acid ethylamine 
had little effect the ability compounds block the thyroxine effect. 
This shown the complete inhibition produced tryptophan (alanine 
side-chain), idoleacetic acid (acetic acid) and tryptamine (ethylamine). 
Variations these three side-chains also seemed unimportant the action 
the 5-hydroxy analogs. However, N-acetylation the alanine moiety 
tryptophan (N-acetyltryptophan) markedly decreased the effectiveness 
the compound blocking agent suggesting probable further metabo- 
lism the amino acid forms. the other hand, the initial rate oxygen 
consumption was quite sensitive variations the side-chain. Ringer- 
proline-glucose, L-tryptophan reduced the initial Qo, 15%; replacement 
the side-chain acetic acid ethylamine further depressed the initial 
value and 41%, respectively. Only the acetic acid analog the 
hydroxy indoles produced any depression the initial value, this case 
amounting 17%. the presence Ringer-alanine-glucose, L-trypto- 
phan decreased the initial rate oxygen consumption 35%, with the acetic 
acid derivative being less potent and the ethylamine reducing metabolism 
18%. The corresponding 5-hydroxytrophan analogs decreased the initial 
oxygen consumption 15%, and 27%, respectively. 

Formation pigment occurred the medium when the kidney slices were 
incubated with and 5-hydroxytryptophan. p-Tryptophan 
produced dark brown-green pigment which also colored the tissue; the 
color formed with 5-hydroxytryptophan was pink-rust. Pigment forma- 
tion has been noted with other tryptophan analogs various systems. 
Xanthurenic acid was found the urine pyridoxine-deficient rats 
green iron complex Lepkovsky al. (8). The eye pigment (ommo- 
chrome) Drosophila has been shown derived from tryptophan, 
kynurenine and 5-hydroxykynurenine (9). Tryptamine the presence 
amine oxidase was observed Pugh and Quastel form black brown 
melanin-like pigment (10). attempt was made characterize the pig- 
ments produced our experiments but they are probably related 
melanin ommochrome. 

acid, plant growth hormone, has been isolated from 
mammalian urine (11) and was originally thought arise from ingested 
food bacterial degradation tryptophan the gut. Recent work (12), 
however, has demonstrated that mammalian tissue capable convert- 
ing tryptophan acid. This compound has been shown 
Christensen al. (13) enhance the ability human erythrocytes and 
certain tumor cells build cell concentrations amino acids higher 
than that the surrounding medium. Studies the amino acid changes 
the medium and tissue after incubation the present work were not 
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carried out with the indoleacetic, but some preliminary chromatographic 
studies were done with L-tryptophan. estimation the relative con- 
centrations amino acids visual comparison the color densities 
the spots suggests that there was change media tissue amino acid 
concentration brought about the addition tryptophan. 

Studies the tissue-solution distribution and metabolism thyroxine 
(14) indicate that the addition L-tryptophan had effect the 
amount thyroxine taken the tissue. The conversion thyroxine 
its metabolic products was also unaffected tryptophan. About 20% 
the added thyroxine was converted tetraiodothyroacetic acid with 
small amounts triiodothyroacetic acid also being formed. There was 
direct evidence accumulation triiodothyronine. Thus, metabolism 
the added thyroxine seemed proceed would expected for amino 
acid rather than part the hormone. 
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PATHOGENIC EFFECTS SALT LOADING 
THE PRESENCE AND ABSENCE 
THE ADRENAL GLANDS 


Department Pathology, Royal Infirmary, University Glasgow, Glasgow, Scotland, 
and the Ben May Laboratory for Cancer Research, 

University Chicago, Chicago, Illinois 


ABSTRACT 


This study involved 125 young, sexually mature male rats the Sprague- 
Dawley strain. The rats were fed fluid medium carbohydrate diet which 
different amounts sodium chloride were added. Food-intake was controlled 
either tube-feeding paired-feeding. Rats having sham-operations, 
adrenalectomy only, uni-nephrectomy only and adrenalectomy uni-nephrec- 
tomy were given salt loads 12, 16, 20% (dry weight diet) for either 
days. the end the experiment blood-pressure was determined and 
tissues were prepared for microscopic examination. Uni-nephrectomized rats 
given high salt loads developed severe hypertension and severe renal-cardio- 
vascular pathology. similar rats having both kidneys intact the changes from 
normal were relatively mild but pathogenic effects salt-loading were still 
evident. Although adrenalectomy ameliorated the pathogenic effects salt- 
loading the uni-nephrectomized rat some damage did occur; few rats the 
hypertension was marked and the kidney lesions were significantly severe. One 
such rat showed full-blown hypertensive vascular disease. probable that 
the pathological processes leading hypertension and arteriosclerosis can 
the absence the adrenal cortical hormones. The adrenally insufficient 
salt-loaded rats drank less water than did comparable rats having the adrenal 
glands intact. postulated that the hormones secreted the adrenal have 
some obligatory sodium-retaining action and make the signs sodium toxic- 
ity and related electrolyte imbalances more likely oceur. 


renal and cardiovascular damage that occurs rats overdosed 

with corticoids most severe when one kidney has been removed and 
the animal given high intake sodium chloride. Selye (1) describes 
the corticoids the primary cause the pathology and characterizes the 
uni-nephrectomy and high salt load conditioning factors. When the in- 
take sodium chloride restricted level just adequate meet nutri- 
tional requirements, the administration steroid does not cause nephro- 
sclerosis, cardiovascular pathology, hypertension. There agreement 
among investigators the results experiments, but there disagree- 
ment the relative importance the individual factors that make 
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the causal pattern for these experimentally induced diseases. are in- 
terested the proposition that the primary cause such pathology the 
excess sodium chloride which more toxic when the renal mass re- 
duced uni-nephrectomy and the administration sodium-retaining 
steroids. 

Meneely al. (2) found that high salt loads cause hypertension, renal 
and pathology even when both kidneys the experimental 
animals are intact. shown the present experiments that high salt 
loads cause hypertension, renal and cardiovascular damage which much 
more severe uni-nephrectomized rats, and that adrenal cortical in- 
sufficiency ameliorates this damage even when the intake food and salt 
constant. The untreated adrenalectomized rat rids itself high salt 
load with less water than taken similar animals with the adrenal 
glands intact. Some pathology and some elevation blood-pressure were 
found among adrenalectomized salt-loaded rats. 


METHODS 


Male rats the Sprague-Dawley strain were maintained Archer Dog pellets unti 
they reached weight approximately 300 gm., and were then adapted fluid me- 
dium carbohydrate diet (Table either libitum stomach tube (13 ce. each early 
morning and late afternoon). When sodium chloride was added the load was expressed 
per cent the dry mix before the addition water. All rats were started diet 
with added salt. The animals were adapted salt loading increasing the load 
per week until the desired load was reached. The animals were kept individual 
metabolism cages room temperature F.). Uni-nephrectomy and bilateral 
were done clean technique. The adrenals were removed with capsule 
intact and with much the pedicle and surrounding fat possible. Immediately 
following operation each rat was given 5000 units penicillin and mg. streptomycin. 
This was not continued. With the exception one animal, described under results, 
adrenal cortical hormone was used these studies. 

The details each experiment are given Table Normal, sham-operated, uni- 
nephrectomized, adrenalectomized and rats were 
studied. The rats were divided into groups procedures intended insure randomiza- 
tion uncontrolled variables. All the rats within each experimental group were 


TABLE CARBOHYDRATE DIET 


Constituent Grams 

Cellu flour (Chicago Dietetic Supply House) 
Osborne Mendel salt mixture 
Dried (Pabst) 100 
Wheat germ oil 
Cod liver oil 
Vitamin (2-methyl-1,4-naphthoquinone) 100 mg. 
Mazola oil 200 
Casein (Labco) 160 
Starch 200° 
Dextrin 190 
Sucrose 200 


Water make tota! 
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studied the same time. the completion the experiments the microscopic changes 
were appraised one (W.A.J.C.) “unknowns.” 

For the determination blood-pressure the end the experiment the rats were 
anesthetized with ether and the abdominal aorta was cannulated below the level the 
renal arteries. The cannula was attached short length fine-bore rubber tube filled 
with heparinized saline mercury manometer. The pressure was recorded when the 
anesthesia first became light enough permit slight retraction the rat’s hind foot 
upon pinching the toes. 

Following the determination blood-pressure the rat was exsanguinated, autopsy 
was performed and gross pathologic changes noted. The heart, kidney and portions 
liver, spleen, pancreas, lung, stomach and intestine were fixed 10% neutral formalin. 
Hematoxylin and eosin was the routine stain and selected examples heart, kidney and 
the orther organs were examined the periodic acid-Schiff routine, the picro-Mallory 
method, Masson’s stain and Weigert’s resorcin-fuchsin stain for elastic tissue. The 
adrenal glands were fixed 10% neutral formalin. Paraffin sections were stained with 
hematoxylin and eosin and with the acid-Schiff method. Frozen sections 
gelatin embedded adrenals were examined with Oil Red for lipids (3), and with po- 
larized light for birefringent crystals. 


EXPERIMENTS AND RESULTS 


The conditions each experiment and summary results are Table 
some groups rats the variability response was large. The differ- 
ences meet the usual requirements for statistical significance each critical 
point and all the results show internal consistancy direction change. 

Survival. Four adrenalectomized, uni-nephrectomized rats died after be- 
coming anuric due obstruction the ureter the remaining kidney 
with gravel; the kidney each had some degree hydronephrosis, and 
the pelvis contained gravel. One adrenalectomized, uni-nephrectomized 
rat, tube-fed 12% salt, developed adrenal crisis after weeks and was 
treated with 2.5 mg. cortisone acetate each consecutive days. 
survived the last weeks without further therapy but the day autopsy 
had blood-pressure 216 mm. Hg., severe renal damage including 
nephrosclerosis and severe cardiovascular damage. This animal not in- 
cluded the table results (Table 2). 

All the rats gained weight during the experiments. When the 
salt load was (experiment the non-adrenalectomized rats gained 
more than the adrenalectomized rats the same caloric intake. When the 
salt load was high the rate gain was somewhat reduced each group, 
and there was clear difference between non-adrenalectomized and ad- 
renalectomized rats. Gross edema did not occur any animal. 

Urine volume. shown Figure (experiment 2), the amount urine 
excreted adrenalectomized rats was less than that excreted non- 
adrenalectomized rats the same salt load. Similar results were found 

Blood pressure. Uni-nephrectomy was associated with elevation pres- 
sure the rats; adrenalectomy, uni-nephrectomy with lesser 
rise. The most severe hypertension occurred among non-adrenalectomized, 
uni-nephrectomized rats tube-fed 12% salt for days. There was 
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ONE KIDNEY OUT 
SHAM 
ADRENALS AND ONE KIDNEY OUT 


ADRENALS OUT 


URINE VOLUME CC PER RAT PER Day 


DIETARY SODIUM CHLORIDE 
a 


GRAMS PER RAT PER DAY 


28 


DAYS 


Average amounts urine excreted daily rats tube-fed per salt 
diet. Five seven rats per group. 
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tendency for blood-pressure rise some animals among all groups 
adrenalectomized salt-loaded animals, most marked the adrenalecto- 
mized, uni-nephrectomized rats experiment which ate 20% salt diet 
for days. 

Kidney. Uni-nephrectomy was associated with compensatory renal 
hypertrophy both the presence and absence the adrenals and salt 
loading was associated with heavier kidneys adrenalectomized and 
non-adrenalectomized rats. The heaviest kidneys were seen the hyper- 
tensive rats. Signs gross damage the kidneys were minimal the 
normal rats low-salt diet and were increased uni-nephrectomy and 
salt-loading the greatest extent when the adrenal glands were present. 
Microscopically the kidneys from rats maintained the diet without 
added salt showed little deviation from the normal (experiment 3). Small 
foci periglomerular fibrosis, with some casts dilated tubules 
lined flattened basophilic epithelium, and few round cells the re- 
lated interstitial tissue (Grade were not uncommon some rats all 
salt-loaded groups. Only rats all these experiments showed active 
pelvic inflammation (Grade 2). 

Significant elevation the blood pressure was associated with significant 
glomerular damage and hypertensive arteriosclerosis (Grade and arterio- 
lonecrosis (Grade involving the glomerular afferent arterioles. some 
rats more moderate elevation blood pressure was associated with focal 
glomerular tuft damage but histologically the renal vessels showed 
hypertensive changes (Grade 3). 

The greatest increase average renal damage resulted from the salt- 
loading rats bearing intact adrenal glands and with renal mass reduced 
unilateral nephrectomy (Table experiments and 3). Examples 
significant hypertensive damage the kidney were most pronounced 
the 12% and 16% sodium chloride loads. These renal lesions were patchy 
distribution and unaffected glomeruli could readily Dam- 
aged glomeruli were commonly enlarged obliterating the subcapsular 
space, but other instances the tuft was shrunken producing eccentric 
dilatation the space (Fig. 2). The swollen glomeruli contained numerous 
large cells with foamy cytoplasm and the tuft was relatively bloodless 
(Fig. 3). There was increase eosinophilic material within the tuft, giv- 
ing positive reaction with the Schiff stain and sometimes giving fibri- 
noid reaction with the picro-Mallory method. Glomerular lesions this 
nature were associated with hypertensive arteriolosclerosis (Fig. 
arteriolonecrosis (Fig. 5), affecting the afferent arteriole. Hypertensive 
glomerular and vascular lesions this type were not seen the sham 
operated groups the adrenalectomized rats given corticoid therapy 
experiments and (Table 2). 

noted above, one adrenalectomized, uni-nephrectomized rat, tube-fed 
12% salt, was given 2.5 mg. cortisone acetate each consecutive 
days during periods adrenal crisis. The highest elevation blood pres- 
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Kidney. Non-adrenx, uni- 
nephrx, NaCl load. Normal and 
abnormal glomeruli are present. There 
tubular dilatation with cast forma- 
tion and increase interstitial 
tissue. B.P. 170 mm. Hg. Haema- 
toxylin eosin. X80. 
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Fre. Kidney. Non-adrenx, uni- 
nephrx, 16% NaCl load. The glo- 
merular tuft enlarged and obliterates 
the space. Capillary ves- 
sels are not obvious. 156mm. Hg. 
X300. 
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Fig. Kidney. Non-adrenx, uni- 
nephrx, 12% NaCl load. The glo- 
merular tuft shrunken, the sub- 
capsular space dilated, and the capsule 
thickened. The related arteriole 
arteriolosclerosis 


€ 


Fic. Kidney. Non-adrenx, uni- 
nephrx, 12% NaCl load. The glomer- 
ulus enlarged, the tuft bloodless 
and contains many cells. The 
related arteriole shows hypertensive 
arteriolonecrosis. 170 mm. Hg. 
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sure was observed this rat (216 mm. Hg.) association with severe 
hypertensive damage the glomeruli and arterioles the kidney (Fig. 6). 

Increasing levels salt load adrenalectomized, uni-nephrectomized 
rats given corticoid therapy (experiment caused progressive increase 
the average amount renal damage with rise the average level 
blood pressure (Table 2). One rat the 20% NaCl load with blood pres- 
sure 198 mm. Hg. showed widespread glomerular damage with hyper- 
tensive necrosis the afferent arterioles (Figs. 8). Five other rats 
the 12% and 20% salt load showed glomerular lesions without hypertensive 
vascular lesions although the blood pressure ranged from 150 172 
mm. Hg. 

There was increase tubular damage those rats showing hyperten- 
sive renal lesions. Casts lying within dilated tubules were more frequent. 
The related tubular epithelium was basophilic and the basement membrane 
thickened. some distal tubules the renal epithelium was swollen and 
contained droplets showing positive reaction with Schiff’s reagent and 
stained red with the picro-Mallory method. 

Heart. average increase weight the heart was associated with uni- 
nephrectomy and with salt-loading; the increase was greater the presence 
the adrenals than their absence. Gross damage the heart was not 
seen any animal. Microscopically, the cardiac lesions were rated the 
basis muscle hypertrophy (Grade 1), the presence focal areas myo- 
fibrosis and macrophage reaction (Grade 2), and the association 
these changes with arteriolosclerosis (Grade and arteriolonecrosis 
(Grade the coronary vessels. this basis significant hypertensive 
heart damage was most prominent the non-adrenalectomized, uni- 
nephrectomized rats, tube-fed the 12% salt diet, and this group the 
heaviest hearts were seen (experiment Table 2). There was focal replace- 
ment fibrosis the hypertrophied myocardial fibres associated with 
hypertensive proliferative sclerosis small branches the coronary 
arteries (Fig. 9). Haemosiderin laden macrophages were present some 
the fibrosed areas. similar type damage was observed one non- 
adrenalectomized, uni-nephrectomized rat adapted the 16% salt load 
(B. 156 mm. Hg.), the rat given cortisone acetate (B. 216 mm. Hg.) 
and adrenalectomized, uni-nephrectomized rat adapted the 20% 
salt diet (B. mm. Hg.). the other groups rats there was low 
incidence small focal areas myocardial fibrosis and macrophage reac- 
tion but instance was this related frank hypertensive vascular 
lesions. The low incidence this type damage was further reduced 
the adrenalectomized rats. 

Thymus. Adrenalectomy was associated with average increase the 
weight thymus above that non-adrenalectomized animals. Salt-loading 
tended suppress thymus weight non-adrenalectomized rats and 


lesser extent adrenalectomized rats. Microscopic changes thymus 
were not studied. 
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nephrx, 12% NaCl load, cortisone 2.5 
for days. There glomerular 
damage and small renal artery shows 
eccentric intimal necrosis. 216 
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nephrx, 20% NaCl load. The glomeruli 
are enlarged, bloodless, and contain 
many cells. 198 mm. 
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Adrenal. There was tendency for salt-loading cause increased 
adrenal weight, especially uni-nephrectomized rats. The main alteration 
the lipid pattern the adrenal glands was the lipid depletion zona 
glomerulosa response the sodium chloride load. This depletion was 
variable degree but appeared most marked the rats the 12% salt 
diet. The cells the zona fasciculata were completely filled with fine lipid 
droplets while the reticularis cells contained rather less lipid material. 

Other organs. Vascular lesions were present other intra-abdominal 
organs the hypertensive rats, notably the group non-adrenalecto- 
mized, uni-nephrectomized ratsmaintained onthe 12% salt diet (experiment 
3). The organs affected included the pancreas, spleen, stomach (Fig. 10) 
and small intestine (Fig. 11). some instances the vascular damage re- 
sembled the ‘‘polyarteritis type hypertensive vascular lesion 
which results from the administration sodium-retaining steroids, such 
desoxycorticosterone. Hypertensive damage vessels was seen also non- 
adrenalectomized, uni-nephrectomized rats the 16% salt load. Such 
lesions were not seen any adrenalectomized rat these experiments, 
apart from the single animal given cortisone acetate. 


DISCUSSION 


Uni-nephrectomy limits the ability the rat rid itself high salt 
loads, and consequently makes signs toxicity more likely occur. 
Salt loading less pathogenic the adrenalectomized rat kept without 
cortical hormones, least during the periods time tested here. 
assume that this because some all the corticoids have obligatory 
sodium-retaining action which makes more difficult for either the non- 
adrenalectomized rat the hormone-treated adrenalectomized rat ex- 
crete sodium. have reported (4) the toxicity small doses ad- 
renal cortical extract the adrenalectomized, uni-nephrectomized, salt- 
loaded rat and the data Fig. from the present experiment show that 
the adrenalectomized salt-loaded rat drinks and excretes less water than 
similar animals having the adrenal glands intact. This hypothesis has 
some appeal us, but have not fully tested its validity. 

There some evidence that the pathological processes leading hyper- 
tension and arteriosclerosis can the absence the adrenal cortical 
hormones. Salt loading the adrenalectomized, uni-nephrectomized rat 
did cause some rise blood-pressure and some increase the focal lesions 
the heart and kidney. The hypertension and the lesions were significantly 
severe some individual animals. 

consider probable but not proven that these changes represent 
processes which could eventually result true hypertensive vascular 
disease. Severe hypertension with nephrosclerosis was seen one adrenal- 
ectomized rat (experiment 4). Although remnant adrenal gland 
accessory adrenal cortex was found upon careful search, could have been 
missed. Other adrenalectomized rats had hypertension with glomerular le- 
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Fig. 11. Non- 
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There hypertensive fibrinoid necrosis 
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sions only. The progressive rise blood-pressure with progressive salt 
loading consistent with the heart and kidney weights and the increase 
lesions following and 20% salt loads experiment 

The evidence now strong that uni-nephrectomy and 
increased salt intake the manner Selye simply device accelerate 
the toxic effects sodium chloride load. Where sodium chloride acts and 
the factors which control are important problems. Does sodium act 
the level the kidney produce primary kidney damage which hyper- 
tension secondary? does sodium act the vessels, the peripheral 
arterioles, cause increase peripheral resistance with resultant 
hypertension with renal changes secondary but important supporting 
mechanism? The studies Friedman al. (5, and Tobian and Red- 
leaf (7, support the theory that sodium affects the arterioles the pe- 
riphery. Friedman has indicated that several pressor substances—vaso- 
pressin angiotonin and norepinephrine cause movement sodium into the 
cell and potassium into the extracellular fluid. Perhaps sodium load acts 
similarly with the movement sodium and water into the smooth muscle 
cells the arterioles with consequent hypertension. Some all the 
corticoids may affect these peripheral ionic shifts. 

favor the concept that the toxicity abnormally high loads 
sodium chloride and the accompanying imbalance other electrolytes 
should described the primary immediately responsible cause 
hypertensive vascular disease animals overdosed with adrenal steroids, 
and favor the related concept that the adrenal cortical hormones play 
supporting role the etiology most experimental and clinical cardio- 
vascular diseases. One principal mechanism whereby adrenal steroids sup- 
port the toxicity high salt loads the sodium retaining action and 
related actions causing electrolyte imbalances. However, the hormones 
the adrenal cortex have other intimate but more obscure relationships 
these pathogenic processes and not have any information which 
makes the Selye hypothesis the role the adrenal glands the etiology 
completely untenable—only, our opinion im- 
probable. 
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THE LOCALIZATION AND METABOLISM INSULIN 
THE MUSCLE AND SOME OTHER TISSUES 
THE 
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ABSTRACT 


The labelled-insulin muscle and other organs the rat 
was investigated. The kidneys and muscles were found the main regulators 
the fate injected insulin. The dose insulin approaching the tracer dose 
was found lie the range gm.b.w. 

minutes after intravenous injection, insulin was shown distributed 
volume amounting 19% the volume muscle. After subcellular frac- 
tionation muscle cells concentration the soluble protein fraction was re- 
vealed. Autoradiographically this localization was shown evenly 
distributed throughout the muscle fiber, without any evidence sarcolemmal 
concentration. intracellular distribution was also found heart muscle, 
liver and lungs. 

the diaphragm, following vitro incubation with insulin, the hor- 
mone was shown localize mainly the fascia covering the muscle. The 
radioactivity all the experiments with muscle was shown 85% insulin 
and 15% iodinated amino acids, monoiodotrysoine diiodotryrosine; the 
liver the iodinated amino acids were shown contribute about 45% the total 
TCA precipitable radioactivity. 


MEANS radioiodine-labelled insulin much new information has 
been obtained the distribution and metabolism this hormone 
skeletal muscle, apart from that presented Stadie al. (7) which pointed 
sarcolemmal binding labelled insulin the rat diaphragm. 

the present report the localization insulin skeletal 
muscle was particularly investigated. addition, the distribution the 
hormone heart muscle, lung and liver was demonstrated autoradio- 
graphy. 


MATERIALS AND METHODS 


Male albino rats the Hebrew University Strain weighing 120+10 gm. were used. 
All manipulations were performed under ether anaesthesia. was injected 
Received May 12, 1959. 
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into the tail vein and blood samples for the determination radioactivity were re- 
moved from the aorta. Thigh muscle was removed from the animal and passed through 
chilled tissue press prior homogenization. Homogenates (1:10) were prepared 
0.25 sucrose and 0.01 acid (EDTA) 7.4 
Potter-Elvejhem homogenizer and centrifuged Three fractions were obtained 
differential centrifugation, the fraction comprising nuclei and myofibrils, 
the 12,000 fraction, mitochondria, and the supernatant. The protein con- 
tent each fraction was determined using the method Lowry (5). 

For the determination distribution organs, homogenates were pre- 
pared 10% trichloracetic acid (TCA) Waring blendor the Potter-Elvejhem 
homogenizer. was determined radioactivity and the 
tissue preparations were counted directly well-type scintillation counter. means 
spectrometer, the 360 kev. photon peak iodine was counted with overall 
efficiency 18% and average background 15+2 The TCA-precipitable 
radioactivity was further characterized paper chromatography system bu- 
tanol-acetic acid-water (4:1:5) following extraction procedure according Light 
and Simpson (6). The chromatograms were scanned with end window chromato- 
gram scanner and/or autoradiographed Kodak no-screen X-ray film. The peaks 
were identified with the help standards, such insulin, potassium iodide 
monoiodotyrosine (MIT) and diiodotyrosine (DIT). 

The volume the vascular compartment muscle was determined using 
labelled and measuring the organ blood ratio TCA-precipitable radio- 
activity minutes following intravenous RISA injection. The extracellular fluid vol- 
ume was calculated from data obtained days after RISA injection, using the formula 
ml. extracellular fluid/100 gm. muscle 


gm. muscle compartment 100 gm. muscle 


blood 

For autoradiography, tissues were fixed 10% TCA and paraffin sections were 
coated with Kodak autoradiographic stripping film. The sections were exposed 
for three weeks, developed for minutes the Kodak D19B developer 
and stained with hematoxylin and eosin. Radioactive and control sections were mounted 
the same slide and therefore exposed and processed under the same conditions. The 
level fog was low shown the representative control section, Figure 

The vitro fixation insulin rat diaphragms was performed according the 
method Stadie (7). After incubation for minute phosphate buffer medium con- 
taining the diaphragms were washed for minutes, blotted 
filter paper and fixed cold 10% TCA. Autoradiograms sections from these dia- 
phragms were prepared above. 


RESULTS 


attempt was made find the dose insulin, which would fulfill the 
attributes tracer, i.e. distributed the body similar the endo- 
genous insulin. Since was found (Table that with increasing dosage,the 
ratio insulin concentration the excretory organs (kidney) and the 
target organs (muscle) tends increase, the minimum this ratio was 
taken indicative These data were obtained 
minutes after intravenous injection. this time interval the rapid phase 
the usual blood insulin disappearance curve was completed for all the 
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TABLE DISTRIBUTION INSULIN THE RAT MINUTES AFTER INTRA- 
VENOUS INJECTION. CENT INJECTED DOSE/GM. WET TISSUE 


Muscle Heart Liver Kidney T/E* 
mals 


0.75 2.1 


injected dose muscle 


Mean 
*** Mean two animals. 
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doses studied. The dosage insulin/100 gm. body weight was 
considered then approach the tracer level for this hormone the rat. 


Distribution insulin compartments muscle 


The data table also show that after dose 
gm. BW, 0.3% intravenously injected insulin can found per 
gram muscle. The distribution this amount hormone between the 
vascular and extravascular compartments muscle indicated the re- 
sults Table Here can seen that only tenth the TCA-precipita- 
ble radioactivity found muscle after insulin injection due that 


COMPARTMENTS OF MUSCLE 


Total space Extravascular space Vascular space 


Preparation injected Duration % of TCA TCA precip. TCA precip. 
ml./100 gm. precipitable ml./100 gm. radioactivity ml./100 gm. radioactivity 
[331 % of total % of total 


Albumin (6 100 


gm. b.w.) 10 min. 1.75 100 0 0 1.75 100 
Albumin (6 ug. /100 

gm. b.w.) 5 days 10.5 100 9.0 82 1.6 18 
Insulin (0.025-0.5 

ug. /100 gm. b.w.) 10 min. 19+1.3* 100 17+1.3* 90 2.0 10 


* Mean + Standard Error. 


present the vascular compartment, the remainder distributed vol- 
17% the wet weight the muscle. This volume ex- 
ceeds that the extracellular fluid determined serum albumin 
(this estimate the extracellular muscle agrees 
closely with the estimates derived from measuring inulin and 
chloride spaces (8)). These findings indicate that there either 
additional intracellular distribution insulin the muscle, that 
there membrane-concentration phenomenon. 

order see whether insulin penetrates the intracellular compartment 
muscle, the distribution insulin among subcellular components 
muscle was determined. seen Table insulin, determined TCA- 
precipitable radioactivity was found all subcellular fractions. The dis- 
tribution appears proportional the protein content each frac- 
tion, with some indication higher concentration the supernatant 
fraction. This would appear true vivo concentration since the 
proportion the supernatant fraction was_significantly higher 
<0.02) than that obtained after vitro addition labelled insulin 
the homogenate (Table 3). 

Although usually assumed that the TCA-precipitable radioactivity 
representative insulin, attempt was made define this fraction 
further chromatography. The TCA precipitable radioactivity the frac- 
tions concentrates mainly the insulin area. (Fig. 1). Small amounts 
and diiodotrysone were also found, which did not con- 
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stitute more than 15% the total radioactivity present. The identity 
these radioactive fractions was confirmed autoradiography the 
chromatograms which there was correspondence between the carrier 
substance and the radioactive spots. 


Localization insulin autoradiography 


Muscle.—Photographs representative experimental and control sec- 
tions muscle are shown Figure 2A, can seen that there 
significant autoradiographic reaction over the muscle (Fig. 2A) com- 
pared the photographic fog appearing over the nonradioactive control 


vivo Insulin vitro Insulin* 
(+)whole (+)/mg. (+)whole (+)/mg. 
homogenate protein homogenate protein 
Mean Mean 
Nuclear and myofibrillar 0.5 0.6 
Mitochondrial 0.5 0.5 


4 


(+) TCA precipitable radioactivity. 
Insulin added the non-radioactive muscle mince before homogenization. 


section (Fig. 2B). The distribution radioactivity was further specified 
grain counts number preparations. The grain density the center 
the fiber was compared that the periphery. average grains 
per arbitrary unit surface area was found both the center and the 
periphery fiber. evident that the radioactivity distributed 
evenly throughout the cross section and there indication of, con- 
centration the sarcolemmal membrane. The localization insulin the 
diaphragm after incubation vitro with insulin was examined. can 
seen Figure that there concentration radioactivity the 
fascia covering the muscle and the more superficially located muscle 
fibres. sections taken from muscle after vivo injection insulin, 
concentration was seen the sarcolemmal membrane. 

heart muscle, the autoradiographs (Fig. 2D) showed that here too 
the radioactive material was diffusely distributed throughout the muscle 
fiber with indication membrane concentration. The relative intensity 
the concentration was higher than skeletal muscle, was anticipated 
from quantitative estimation (Table 1). 

Other variety other tissues were also examined. Diffuse 
distribution throughout the parenchyma the lung (Fig. and the 
liver (Fig. 2F) could demonstrated. However, both these tissues there 
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Microautoradiogram cross section skeletal muscle rat injected with 
insulin. Note diffuse distribution radioactivity (550). 

Control section nonradioactive muscle 

Microautoradiogram cross section rat diaphragm incubated the presence 
insulin. Note the concentration radioactivity the region connective 
tissue covering the muscle 

Microautoradiogram cross sections heart muscle rats injected with 
insulin 

Microautoradiogram lung rat injected with insulin. Note 
lations radioactive material, probably 
Microautoradiogram liver rat injected with insulin. Note focal 
lation radioactivity 
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were scattered foci rather intense radioactivity (see arrows, Fig. 
which could not related any consistent morphological structure. 
the lung there was the impression that these foci may have been contained 
within cross sections small vessels. the liver was possible that 
these areas corresponded reticuloendothelial cells, however autoradio- 
graphs splenic tissue showed not such focal distribution, indicating 
this could not have been general property the reticuloendothelial sys- 
tem. The previously reported (12) autoradiographic localization insulin 
the kidney was confirmed. 

The identity the radioactive material demonstrated the micro- 
autoradiograms was determined. Parallel pieces muscle were run through 
the entire histological procedure and later extracted with acid ethanol. 
The extracted radioactive material was.chromatographed and identified 
84% insulin and 16% compounds corresponding location iodi- 


nated amino acids, monoiodotyrosine (MIT) and (DIT) 
(Fig. 3). 


DISCUSSION 


The experiment the distribution decreasing doses insulin supplies 
additional information the role the kidney (4) the metabolism 
this hormone (9). the amount insulin circulating the body raised 
the administration increasing doses, the amount this substance re- 
moved the kidney given time also increased (Table 1). The dis- 
tribution the dose can also the basis the total tissue 
mass involved. This has been done the case kidney and muscle 
(Table from which can seen that the dose increment the kidney 
between administered doses 0.05 and gm. balanced 
corresponding decrease the dose found the muscle mass. This would 
indicate that the muscle and kidney uptakes may the main controllers 
the levels injected insulin the blood. The role liver would appear 
lesser importance this connection since there seems 
clear relation between the injected dose and the liver concentration 
minutes. 

The interpretation the data the distribution insulin muscle 
some interest. That there was entry insulin into the cells was indi- 
cated the finding that the volume distribution insulin exceeds that 
the extracellular space (8). Similarly, studies humans (3) have also 
shown that the insulin space which amounts 37% body weight 
much greater than the extracellular space estimated inulin sodium. 
These findings the muscle are amenable two interpretations: (a) there 
either intracellular distribution (b) concentration the hormone 
the sarcolemmal membrane. The higher concentration insulin the 
supernatant fraction muscle might indicative intracellular dis- 
tribution the hormone, similar that reported for the liver cell (10). 
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Chromatogram acid-ethanol extract TCA-precipitable labeled ma- 
terial from muscle rat injected with insulin. The extraction was done muscle 
previously processed through the histological routine. 
With added insulin. 
Extract alone. 
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TABLE EFFECT INSULIN DOSE THE PER CENT FOUND 
TOTAL MUSCLE KIDNEY MASS 


0.05 5.00 


Insulin dose gm. 
Total muscle mass (50% body wt.) 17.4 —5.4 
Total kidney mass (1% body wt.) 11.8 17.1 +5.3 


Some reservation could expressed however the validity the 
differential centrifugation procedure problems intracellular distribu- 
tion since insulin present the extracellular fluid might adsorbed 
the subcellular fractions during preparation. However the random distri- 
bution radioactivity the autoradiograms muscle cross-sections, 
indicated clearly the intracellular presence insulin. Furthermore these 
autoradiograms did not furnish any evidence sarcolemmal concen- 
tration the hormone. Similarly our autoradiographic study the binding 
insulin rat diaphragm vitro offers new interpretation that 
phenomenon. Here again there was binding the sarcolemmal mem- 
brane only accumulation the hormone the fascia covering the 

The study liver and muscle extracts following 
labeled insulin injection, confirmed the findings others the blood that 
the TCA-precipitable radioactivity not totally equivalent with insulin. 
While the muscle the TCA-precipitated breakdown product accounted 
for not more than 15% the total radioactivity, comprises some 45% 
the radioactivity present the TCA precipitate the supernatant frac- 
tion liver. 

The diffuse localization insulin the muscle cell permits some specula- 
tion its mechanism action muscle. seems rather unlikely that 
glucose entry into the muscle should regulated the presence 
insulin the sarcolemmal membrane, since concentration the 
hormone could demonstrated that site. More probably insulin present 
the sarcoplasm may act facilitate glucose entry, inhibiting proc- 
ess which normally restricts the entry glucose into cells, postulated 
Randle al. (11). 
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THE FLUORIMETRIC DETERMINATION CORTICO- 
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ABSTRACT 


simple method whereby true tissue blanks are obtained has been pro- 
posed for obtaining the absolute amounts rat adrenal and plasma corti- 
costerone acid induced fluorescence. Sacrificing rats after nembutal 
anesthesia brings about 77% adrenal corticosterone when com- 
pared decapitated rats. Following single subcutaneous injection ACTH, 
the rat adrenal corticosterone level rises maximum after hours 1.06 

per adrenal from resting level 0.48 The plasma level during the first 
hour after administration ACTH rises 53.1 from control value 
19.4 per 100 ml. 


method Silber al. (1) for measuring corticosterone 

fiuorescence has already been used several workers. 
Thus, Guillemin al. (2) were able show large increase rat plasma 
corticosterone after intravenous injection very small amounts ACTH 
without finding concomitant decrease adrenal acid. Further, 
these workers much more extensive paper (3) were able show the 
physiological validation the method. note the tech- 
nical details the fluorometric method and its use for determining plasma 
corticosterone other species known secrete corticosterone will pub- 
lished Guillemin al. (4). Again, the fluorimetric method, suggested 
Guillemin al. (3), has been applied Lipscomb and Nelson (5) for 
the determination corticosterone rat adrenal plasma for the bioassay 
ACTH. Péron and Dorfman have proposed method, based the 
same fluorescence corticosterone, for evaluation 
the ACTH-suppressing action corticoids (6). the present investiga- 
tion have made use the Silber method order follow the cortico- 
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sterone levels both the adrenal and plasma rats injected subcutane- 
ously with single dose ACTH. Since Silber al. (1) and Guillemin 
al. (3) reported residual fluorescence the adrenalectomized and hypo- 
physectomized rat, would like propose, addition, simple method 
whereby this residual fluorescence eliminated from the data. Therefore, 
result, the absolute amounts corticosterone present either rat 
adrenal tissue plasma can reported directly. This method has the 


advantage being simpler than the one originally proposed Silber 
al. (1). 


MATERIALS AND METHODS 
Preparation the tissue and plasma extracts 


Male Sherman rats obtained from Rockland Farms, New York, were used through- 
out this investigation. The adrenals each rat following nembutal anesthesia decapi- 
tation (cf. below) were cleaned adherent fat and then homogenized with 2.0 ml. 
ethanol all glass tissue grinder and made final volume 5.0 ml. with water 
(original volume). Aliquots 0.5, 0.7, 1.0 and 1.2 ml. respectively were taken from each 
original 5.0 ml. volume and made volume 2.0 ml. with 13% ethanol 12.0 
ml. ground-glass stoppered tube. Each sample was then washed once with 5.0 ml. 
ligroine and the ligroine wash removed aspiration. The samples were next 
extracted with 4.0 ml. dichloromethane, the aqueous phase removed aspiration, 
and then the dichloromethane phase washed with 1.0 ml. ice-cold sodium hydrox- 
ide. After removal the sodium hydroxide phase, 3.0 ml. 30N acid were 
added, the tubes shaken and the acid phase removed and read after minutes 
the Aminco Bowman Spectrophotofluorometer previously described (6). all cases 
the extraction washing steps were carried out shaking the stoppered tubes vigor- 
ously hand for one minute exactly. Centrifugation for minutes 2,000 was 
out after each extraction. 

The plasma determinations were carried out similar manner except that 0.6, 1.0 
and 1.4 ml. aliquots respectively the plasma were brought 2.0 ml. volume with 
13% ethanol. addition, since emulsions most always formed the NaOH extraction 
stage and could only partially broken centrifugation, care was taken remove 2.0 
ml. aliquots the clear dichloromethane extract and transfer these clean tubes 
prior the addition the acid. 


Blank correction 


al. (2) found residual fluorescence plasma rats following adrenalec- 
tomy and hypophysectomy when these animals were prepared combination with 
various other sets conditions. This phenomenon was reported quite constant 
from one group rats another. Silber al. (1) have proposed correction which can 
obtained using two different concentrations sulfuric acid. the moment 
impossible say what causes this residual fluorescence appears non-steroidal 
nature (3). order correct for this fluorescence which would appear 
our values and also obtain true blank value for tissue and plasma, carried out 
our determinations with several different aliquots tissue and plasma outlined 
above. Figure exemplifies the results which were obtained with adrenal tissue and 
may seen that the fluorescence linear function the amount plasma 
tissue aliquot used the determinations. Straight lines can drawn through the 
points obtained for beth the plasma and tissue values which when extrapolated zero 
tissue plasma concentrations, intercept the ordinate points Since the quench- 
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used. Extrapolation the lines drawn 
through the tissue and plasma values inter- 
cept the ordinate points and re- 
spectively which give measure the 
blank correction used. 


ALIQUOTS 


ing phenomenon absent when determining the corticosterone content rat adrenal 
tissue (6) and rat plasma (7), these points, therefore, can considered the true tissue 
blanks used for determination. The values may have true meaning that 
they represent the values contributed the residual fluorescence and other unknown 
non-steroidal factors contributing the total fluorescence. Thus, the slope the lines 
gives the correct photofluorimetric readings per ml. sample which then can re- 
ported directly absolute values steroid from standard corticosterone curve 
0.10 ug.) obtained the same manner. average value 9.1+5.8 (+std. deviation) 
was found for the blank 153 plasma determinations (z) and average value 
5.0 deviation) 238 adrenal tissue determinations (y). Both averages and 
standard deviations were almost identical therefore and the and values when read 
the standard curve are approximately equal 0.02 ug. corticosterone. These 
tions are great importance cases (i) low corticosterone concentrations (ii) when 
small aliquots samples tissue plasma are used. The method used for obtaining 
these blank values has the advantage over Silber al’s. (1) method that more di- 
rect for obtaining the absolute tissue and plasma corticosterone concentrations and 
simpler since determinations not have carried out different concentrations 
acid. For these reasons, the above method for obtaining the true blank values was 
applied the following three experiments. 

Experiment 1.—Fluorimetric determination versus paper chromatographic isolation 
corticosterone adrenal tissue. Eighty-nine rats, weighing gm. were anesthe- 
sized with nembutal. After extirpation, the adrenal glands were cleaned adherent fat, 
pooled and weighed. These were next homogenized with 180 ml. 33% ethanol 
Potter-Elvejehm homogenizer and the homogenate made final volume 500 ml. 
with water. The homogenate was next washed twice with 450 ml. ligroine and then ex- 
tracted twice with 180 ml. dichloromethane. Following the washing the dichloro- 
methane extract with ml. ice-cold 0.1N sodium hydroxide was finally washed 
with small volumes water neutrality. The dichloromethane extract was made 
final volume 500 ml. with the same solvent. ml. aliquot the neutral dichloro- 
methane extract was taken for fluorometric determinations. The remainder the 
extract was brought dryness under reduced pressure and the dry residue chromato- 
graphed two paper strip the toluene propylene-glycol system Burton 
al. (8) for hours 28° (experimental strip). Two more strips were run 
simultaneously. One strip served blank (blank strip) and the other was applied 100 
ug. exactly standard corticosterone (standard strip). After development and drying 
the chromatograms the corticosterone zones were located under ultraviolet light, eluted 
with methanol and the eluate assayed the blue tetrazolium method (BT) Elliott 
al. (9). The amount corticosterone obtained from the standard strip gave the measure 
recovery for the 100 corticosterone applied while the elution piece the 
blank strip, identical area and position that occupied the standard corticosterone 
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the standard strip, gave the measure non-steroidal reacting material eluted 
from both the experimental and standard strips. Thus, this manner, corrections 
were made for both the recovery small amounts corticosterone and the non- 
steroidal reacting material eluted from paper. Following the determinations the 
remainder the eluates the corticosterone zones were brought dryness and the 
residues were added 2.0 ml. concentrated sulfuric acid (10). The acid chromo- 
gen curves were identical all respects with sample wg. standard cortico- 
sterone run the same manner. 

Experiment versus decapitation. Forty-eight rats weighing 
211 gm. were divided into two groups 24. The first group was given 0.20 ml. nem- 
butal solution (Veterinary Nembutal Sodium, mg. per Abbott laboratories) intra- 
peritoneally. When deep anesthesia was complete, the adrenals were extirpated and 
worked the usual manner. The animals the second group were decapitated 
the same room where the animals were kept with rat decapitator (Guillotine) obtained 
from the Harvard Apparatus Co. Inc., Dover, Massachusetts. The adrenals were then 
worked the usual manner. 

Experiment 3.—The effects subcutaneous injection ACTH. Ninety-six rats 
were injected subcutaneously, time, with units commercial preparation 
ACTH (ACTHar Gel, U.S.P. units/ml., The Armour Laboratories). equal number 
animals which served the controls were injected subcutaneously with 0.10 ml. 
Special Formula (6). The weights the animals are shown Table After 
12, and hours respectively, the animals were killed decapitation groups 24, 
twelve the group receiving ACTH and controls. Each individual blood sample was 
collected from the trunk the animal after decapitation centrifuge tubes containing 
0.10 ml. solution sodium heparin dissoved saline. Immediately 
thereafter the bloods were centrifuged, the plasma drawn off and stored the frozen 
state until required for use. The amount corticosterone was measured each pair 
adrenals while being determined the pooled plasma obtained from two rats. 


RESULTS AND COMMENTS 


Table indicates, the level corticosterone per adrenal gland was 
found 0.58 with the method assay and 0.46 ug. 
when using conventional paper chromatographic method separation. 
Although the fluorimetric value 126% the paper chromatographic 
value (considered 100%), the values are close enough justify the use 
the fluorimetric method Silber al. (1), with the modification correcting 
for tissue blanks proposed the foregoing section (cf. materials and 
methods 2), measure with accuracy the fluctuations tissue cortico- 
sterone arising from particular set conditions. improper tissue 
blanks are taken into consideration the calculations one would expect 


TABLE PAPER CHROMATOGRAPHIC AND FLUORIMETRIC ANALYSIS THE CORTI- 
COSTERONE CONTENT RAT ADRENAL GLANDS 


Number Body weight Adrenal weight 
animals gm. mg./2 adrenals Chromatography 
Fluorescence and 
Mean —295 Mean (126%) (100%) 


= 
q 
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even greater discrepancy between the paper chromatographic and fluori- 
metric data. This may explain some the high values which have been 
reported elsewhere (6) for the adrenal corticosterone control rats. Table 
shows the adrenal corticosterone values obtained rats given nem- 
butal and the which were decapitated. will seen that nembutaliza- 
tion practiced here caused 77% increase adrenal corticosterone. The 
difference between the two groups was highly statistically significant show- 
ing Although Guillemin al. (3) have reported increases 
the plasma corticosterone rats after the administration nembutal 
this increase was nowhere great (19%) that observed our experi- 
ment for adrenal corticosterone. However, his animals were kept under 
the best conditions after nembutalization (animals kept electric 
blanket maintained 38°C under lucite box atmosphere 95% 


TABLE THE CONCENTRATION ADRENAL CORTICOSTERONE THE 
NEMBUTALIZED AND DECAPITATED RAT 


vumper welgn | | eg. /aarené | 


took such precautions and only those reported previously (6). The re- 
sults indicate, therefore, with the environmental conditions existing our 
laboratories that the method decapitation gives more correct way 
obtaining the values for the resting levels adrenal corticosterone. 
superfluous state that conditions must exist wherein absolute control 
level tissue corticosterone obtained when carrying out experi- 
ments similar those described this paper. Again, the case where 
tissue blanks were obtained, the high values obtained for some the 
controls previously reported (6) may have been due stress 
caused handling and nembutalization the animals. result the 
above findings experiment decapitation was used throughout for 
sacrificing the animals. will seen from Table and Figure after 
single subcutaneous injection units ACTH the corticosterone levels 
adrenal tissue differ significantly from the control values one <0.001), 
two <0.001) and four hours <0.02). The maximum response occurred 
hours. and hours there were significant differences. 
However, and hours there appears significant difference 
both cases. The plasma levels corticosterone the control 
and injected groups differ significantly one, two, four and twelve hours 
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AVERAGE ‘OF THE MEANS 


Plasma levels corticosterone 
after single subcutaneous injection 
units ACTHar Gel. 


TIME IN HOURS 


The average all the control levels tissue was found 0.48 +0.28 
ug. per adrenal standard deviation). This value the same order 
magnitude those reported Silber al. (1). The average control levels 
plasma 19.4+6.3 per 100 ml. deviation). Again, this 
value agreement with those published Silber al. (1). in- 
terest also note that Guillemin al. (3) found 15.2 +1.9 ml. 
plasma corticosterone animals killed decapitation which very 
close that reported the present investigation. Zenker and Bernstein 
(11), however, have reported much higher values (34.0 ml.) for 
resting levels rat plasma corticosterone. evident from figures and 
that the response subcutaneous injection ACTHar gel the rat 
relatively fast and short duration. Geller al. (12) reported that nor- 
mal humans the plasma levels 17-hydroxy-corticosteroids show peak 
response two hours following the administration ACTHar 
gel, returning control levels eight hours. Therefore, the term 
acting preparation” could questioned terms our and Geller’s re- 
sults. Whether not absorption more rapid the rat than humans 
purely matter conjecture the present moment. explanation for 
the observation that maximum response appears occur during the 
first hour plasma when the corticosterone level has not reached maxi- 
mum level the adrenal unknown. there possibility that 
utilization and/or elimination well conjugation the plasma cortico- 


AVERAGE ‘OF THE MEANS 


Corticosterone content ad- 
renal glands after single 
injection units ACTHar Gel. 


ADRENAL 


Lo 
09 
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sterone occurred which would account for the decrease the free plasma 
corticosterone levels during the second hour. The above factors would not 
appear play significant role the determinations the adrenal 
corticosterone. secondary rise the corticosterone levels plasma and 
adrenal may seen hours (Figs. and 3). Kitay al. (13, 14) carried 
out experiments rats consisting daily injection ACTH gel for 
consecutive days. They found increase the amount extractable 
pituitary ACTH over the controls between and hours following the 
last injection. may possible that the secondary rise the plasma and 
adrenal corticosterone levels observed our experiment manifesta- 
tion this phenomenon. Thus, the repression the release with the sub- 
sequent accumulation endogenous pituitary ACTH caused the exog- 
enous administration ACTH the present study, would manifest itself 
greater than normal amount endogenous ACTH secreted hours 
after the administration exogenous ACTH and therefore reflected 
rise the level plasma and adrenal corticosterone. not have 
the present moment any explanation for the significant difference between 
the adrenal corticosterone values the control and ACTH injected ani- 
mals occurring hours. 
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NOTES AND COMMENTS 


EFFECT CORTISOL EXPERIMENTAL INFLAMMATION 
ALREADY ESTABLISHED 
ABSTRACT 


the granuloma pouch, cortisol not only prevents inflammation, but also 
regression fully developed inflammation shown active reabsorption 
the exudate and regression the granuloma. 


Most the tests designed determine the antiphlogistic activity compounds are 
based their property prevent the development inflammatory reaction. Since 
administration the test compound usually begins the time the irritant applied, 
rather than therapeutic effects antiphlogistic agents are measured such 
assays. was deemed interest determine whether steroids, highly potent in- 
hibiting inflammation, would also able produce actual regression inflammatory 
process when the latter has been given time fully develop. 


MATERIALS AND METHODS 


One hundred and eighty female Sprague-Dawley rats average body weight 157 
gm. were divided into groups animals each. Granuloma pouches were made all 
them, according technique previously described (1). Briefly, air were injected 
under the dorsal skin, after which 0.5 croton oil was administered into the air sac. 
After days, the air was withdrawn. Treatment and time autopsy were follows: 


Treatment 


Group x — A utopsy 
Compound Duration 
Day 
Vehicle Day 4today Day 
Cortisol Day 4today Day 
VII Cortisol Day day Day 


Cortisol was given dose mg. 0.2 ec. (in the chest area), once 
daily, starting the day the experiment indicated above. Control rats received only the 
vehicle mixture polysorbate 80, propylparaben and water). 
autopsy, the exudate present the pouches was measured and the granuloma pouches were 
dissected, placed 10% formaldehyde and weighed after hours. 


RESULTS 


The results are illustrated Figure clear that cortisol (COL), given when in- 
flammation was well under way, succeeded inducing actual reabsorption the exudate 
(Fig. top). This true whether cortisol was given early late the experiment, al- 
though the extent reabsorption was slightly more marked during the first days. The 
granuloma weights were also markedly depressed the treatment (Fig. bottom). 
Actually, all the differences between the values obtained before and after treatment are 
statistically highly significant (P<0.001), for both exudate and granuloma. 

the control animals, that the progressive accumulation exudate 
and the growth the granuloma, which can both followed with this technique, are 
close agreement. After reaching peak day 20, both values tend decrease thereafter. 
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Therapeutic cffect cortisol (COL) exudate and granuloma formation. 


Arrows indicate values either exudate granuloma before and after treatment 
with Cortisol, and the figures give the corresponding probability (‘‘P’’) factor. Roman 
numerals refer the various groups animals. 
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This confirms results previously reported (1) which the exudation curve function 
time was somewhat similar. 

This experiment gives further evidence the validity the granuloma pouch 
technique measure anti-inflammatory activity. The active steroids not only pre- 
vent inflammation, but also cause regression after has become established. The 4-day 
assay described earlier (1), based prevention the inflammatory process measure- 
ment exudate, rapid and requires less material than assay based reversal 
inflammation and therefore more suitable for routine evaluation. 

These results show that exudate and granuloma formation the pouch are parallel 
indices inflammatory response. This has also been demonstrated previously, using 
various concentrations the same irritant (2). 

Finally, these results are close agreement with clinical data which indicate effective- 
ness steroids both prevention and reversal inflammation. 
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SYMPOSIUM PARATHYROID RESEARCH TRENDS 


SYMPOSIUM devoted entirely problems parathyroid physiology 
will held the Rice Institute Campus, Houston, February 


3-6, 1960. All interested persons are invited attend. 


There are registration fees connected with attendance the con- 
ference. However, pre-registration requested order that appropriate 


facilities can arranged. 


The Rice Institute Biology Office will glad make hotel arrange- 
ments for those desiring this service. addition, rooms the college 
dormitories will available for any male guests wishing live the 
campus. The cost for these accommodations will $8.00 for the duration 


the symposium any part thereof, payable advance. 


PROGRAM 


1960 
1:00-6:00 


Registration and tours Rice Institute and Texas Medical Center 


P.M. 


aJ 


Welcome Houston, President Rice Institute 


8:00 


Opening Address Franklin University Chicago 
Introduced Hastings, Scripps Clinic and Research Foundation 


“Unsolved Problems Parathyroid Physiology” 


1960 
9:00 a.m. 


Purification and Characterization Parathyroid Hormone 
Chairman: Paul Munson, Harvard University School Dental Medicine 


Aurbach, National Institute for Arthritis and Metabolic Diseases 
Purification Parathyroid Hormone 


Howard Rasmussen, Rockefeller Institute 
Chemistry Parathyroid Hormone 


Paul Munson, Harvard University School Dental Medicine 
The Biological Assay Parathyroid Hormone 
2:00 


Selected Topics Parathyroid Physiology 
Chairman: Harold Copp, University British Columbia 


Felix Bronner, Cornell University School Medicine 


Parathyroid Effects Sulphate Metabolism: Interrelationships with 
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Shetlar, Oklahoma Medical Research Foundation 


Effects Parathyroid Extract Glycoprotein and Mucopolysaccharide Com- 
ponents Serum and Tissue 


Carl Cramer, University British Columbia 
Parathyroid Influence Absorption the Gut 
Leon Kraintz, University Texas Dental Branch 

Relationship Salivary Glands Parathyroid Function 


1960 
9:00 


Relationship the Parathyroids Kidney and Bone 
Chairman: Roy Greep, Harvard University School Dental Medicine 
Bartter, National Institutes Health 

Parathyroid Influences Phosphate Excretion 

Irwin Clark, Columbia University College Physicians and Surgeons 


Agents Effecting Removal Skeletal and Radiophosphorus Intact 
and Parathyroidectomized Rats 


Harold Copp, University British Columbia 
Parathyroid Influences Calcium Homeostasis 


2:00 


Parathyroids and Citric Acid 
Chairman: Hastings, Scripps Clinic and Research Foundation 


Smith Freeman, Northwestern University School Medicine 
Acid and Calcium Metabolism 


Alexander Kenny, West Virginia University Medical Center 
Citrie Acid Production Bone 


Stephen Krane, Massachusetts General Hospital 
Metabolism Citrate Homogenates Cortical Bone 


Neuman, University Rochester 
Possible Fundamental Action Parathyroid Hormone Bone 


7:00 


Banquet—Rice Institute Memorial Center 


Speaker: Pieter Gaillard, State University, Leiden 
Introduction Arthur Grollman, Southwestern Medical School 


“Parathyroids and Bone Tissue 


1960 
9:00 


Parathyroid Research Rice Institute 
Chairman: Roy Talmage, Rice Institute 


Buchanan, University Tennessee Medical Units 
Parathyroid Influences Renal Excretion 


Richard Davis, Rice Institute and Rockefeller 
and Anatomy the Parathyroids 
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Toft, Rice Institute 

The Parathyroids and Osteoclast Formation 

Roy Talmage, Rice Institute 

The Problem Control Parathyroid Secretion 
2:00 
Clinical Problems Parathyroid Maifunction 
Chairman: Frank Engel, Duke University School Medicine 
Panel Member: Reifenstein, Squibbs Institute for Medical Research 

Black, Mayo Clinic 

Pathology and Surgery the Parathyroid Glands 

Yendt, University Toronto Department Medicine 

Relationship Urinary Phosphate Changes Parathyroid Activity 

Howard, Johns Hopkins Hospital 

Clinical Manifestations Hyperparathyroidism 


Panel Discussion: Engel, Black, Yendt, Howard, Reifenstein 
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